
/follow 
LIBRARY 

TECHNICAL   REPORT SECTION 
NAVAL POSTGKAüUATL  iCHOÖk 
MONTEREY, CALIFORNIA  9394ft 

PAPER P-801 

COMPUTER PROGRAM FOR SOLVING MATHEMATICAL 
PROGRAMS WITH NONLINEAR PROGRAMS IN THE 

CONSTRAINTS 

Jerome Bracken 
James T. McGill 

March 1972 

INSTITUTE FOR DEFENSE ANALYSES 
PROGRAM ANALYSIS DIVISION 

* £.4 

*%'. 

IDA Log No. HQ 71-13240 

Copy    SS of   125   copies 



The work reported in this publication was conducted under 
IDA's Independent Research Program. Its publication does not 
imply endorsement by the Department of Defense or any other 
Government agency, nor should the contents be construed as 
reflecting the official position of any Government agency. 



PAPER P-801 

COMPUTER PROGRAM FOR SOLVING MATHEMATICAL 
PROGRAMS WITH NONLINEAR PROGRAMS IN THE 

CONSTRAINTS 

Jerome Bracken 
James T. McGill 

March 1972 

IDA 
INSTITUTE FOR DEFENSE ANALYSES 

PROGRAM ANALYSIS DIVISION 
400 Army-Navy Drive, Arlingron, Virginia 22202 

IDA Independent Research Program 



  



ABSTRACT 

This paper documents a computer program to be used in solving 

nonlinear programming problems with nonlinear programming problems 

in the constraints. The program, named INSUMT, is used with the 

standard program, named SUMT, which implements the sequential uncon- 

strained minimization technique for nonlinear programming.  SUMT 

calls INSUMT when it is necessary to solve a nonlinear program in 

a constraint. The INSUMT program, together with a fairly complete 

example of its use, is included in the documentation. 

Theory and applications of the models which can be solved using 

this program are treated in two companion papers. 
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INTRODUCTION 

Reference [2] formulates a class of mathematical programs with 

optimization problems in the constraints. Reference [3] gives 

models of a number of defense problems which can be approached 

using the techniques. The present paper documents a computer 

program for solving mathematical programs with nonlinear program- 

ming problems in the constraints. 

Fiacco and McCormick in Reference [4] present theory and 

computational aspects of the sequential unconstrained minimiza- 

tion technique (SUMT) for nonlinear programming. Applications of 

nonlinear programming to a number of practical problems are presented 

in Reference [1]. The initial computer program for SUMT is docu- 

mented in Reference [5].  The most recent computer program for SUMT 

is documented in Reference [6].  It handles equality constraints, 

and includes routines for computation of first and second partial 

derivatives using function values. Various unconstrained minimiza- 

tion methods are available in the SUMT program, requiring function 

values and first partial derivatives or requiring function values 

and first and second partial derivatives. Numerical differentiation 

routines facilitate the use of various unconstrained minimization 

methods. These are necessary in solving mathematical programs with 

nonlinear programs in the constraints, since the partial derivatives 

of the constraints cannot be stated explicitly. 

The present paper is designed to be a supplement to Reference 

[6] and to be used with it. 





PROBLEM DESCRIPTION AND SUMMARY OF COMPUTATIONAL PROCEDURE 

One of the mathematical programs considered in Reference [2] is 

to choose vectors x = (x,. .... x ) and v1 = (v,, .... v.1 ) for 
1'   ' n 1'   ' k. 

i = 1, ..., m to 

minimize f(x) 
x e X 

subject to 

h±(x) =  min  g (x, v1) > 0  ,   i = 1, 2, ..., m 
1   „1 v e V 

It is shown there that if g (x, v ) is concave in x on a convex set 

X for every v e V , then h.(x) is concave on X where the convex 

set X may be defined by inequality and/or equality constraints.  If, 

in addition, f(x) is a convex function on X , then the mathematical 

program is convex. 

To outline the computational technique, it is useful to 

differentiate between the "outside program," 

min f(x) 
x e X 

subject to 

h.(x) > 0 ,   i = 1, 2, ..., m  , 

and the "ith inside program," 

i,   i. mm  g (x, v ) 
i  t»i v e V 



When convenient the distinction among the m inside programs will be 

dropped, considering only the generic problem: 

min g(x, v) 
v e V 

The constraint functions h.(x) in the outside problem are 

implicit in that their values depend upon the solution of the inside 

problem, which in turn depends upon the value of x . Thus, a solu- 

tion technique for the overall problem must not rely on an explicit 

functional form for h.(x). 

The computer program described in this paper, called INSUMT, 

is based on SUMT. The standard SUMT program is used for the out- 

side problem. The new INSUMT program is used to solve the inside 

problem.  SUMT and INSUMT are iterative routines.  Let x denote 

the value of x for iteration k of the outside problem and 

v denote iteration I  for the inside problem. The solution 

procedure is initialized by the user supplying x and v . 

During iteration k  for the outside problem, the inside problem 

is to choose v e V to minimize g(x , v).  At iteration l    of the 
o 

inside problem, there is a value v . This value is then used by 
4+1 INSUMT to generate a new value v  .  Continuing in this manner, the 

inside problem is solved, yielding v*(x ) such that 

g(x , v*(x )) = min g(x , v)  . 
v e V 

Control then passes to the outside problem which generates a new 

k 

k+1 solution value x  . The process is repeated until the sequence 

|x \  converges. 

The routine INSUMT resides in core with SUMT and may be called 

to evaluate more than one constraint of the outside problem.  For 

each such constraint, user-supplied subroutines of INSUMT provide 

information concerning the functional form of g (x,v ) and of the 

constraint set V1.  User-supplied subroutines for SUMT give analogous 

information for f(x) and X . 



The SUMT and INSUMT programs iteratively generate values of the 

solution variable by optimizing an unconstrained penalty function. 

Specifically, iteration SL +  1 generates v   from v and from the 

functional forms of the objective function of the inside program and 

the constraint set. The computation calls for the first, and some- 

times second, partial derivatives of the relevant functions. These 

may be specified by the user. However, for the outside problem, 

explicit derivatives of h.(x) cannot be given. SUMT uses numerical 

differentiation in this case to approximate the derivatives to be 
, .       . .   k+1 r k used in generating x   from x . 





DESCRIPTION OF COMPUTER PROGRAM 

The program is modular in structure.  It consists basically of the 

SUMT program (subroutines MAIN through XMOVE), one set of user-supplied 

subroutines containing function evaluations for the outside mathema- 

tical program (READIN, RESTNT, GRAD1 and MATRIX), the INSUMT program 

(subroutines SUB through XMOVES), and one set of user-supplied sub- 

routines containing function evaluations for the one or more inside 

mathematical programs (READIX, RESTNX, GRAD1S and MATRXX). 

The workings of the SUMT subroutines MAIN through XMOVE are 

described in Reference [6].  The user-supplied subroutines for the 

outside program perform the following tasks when used with INSUMT. 

READIN reads in the parameters used in evaluating the objective 

function and constraints. 

RESTNT evaluates the objective function and constraints of the 

outside program for a value of x . Except where constraints con- 

tain inside mathematical programs, the functions are evaluated for 

the current value of x . Otherwise, RESTNT calls SUB, identifying 

the inside mathematical program to be solved for the current value 

of x , and SUB returns the value v*(x). RESTNT then evaluates 

h(x) = g(x, v*(x)). 

GRAD1 evaluates the first partial derivatives of the objective 

function and constraints in two ways.  Where the constraints do not 

contain inside mathematical programs, for the current x the first 

partial derivatives are evaluated either explicitly or using numeri- 

cal differentiation.  Otherwise, GRAD1 uses DIFF1 to numerically 

differentiate the constraints which include inside mathematical 

programs. 

MATRIX evaluates the second partial derivatives of the objective 

function and constraints of the outside mathematical program in two 



ways.  Where the constraints do not contain inside mathematical 

programs, for the current x the second partial derivatives are 

evaluated either explicitly or using numerical differentiation. 

Otherwise, MATRIX uses DIFF2 to numerically differentiate the 

constraints which include inside mathematical programs. 

The INSUMT program consists of subroutines SUB through XMOVES. 

Three basic changes are made in SUMT to result in INSUMT. 

First, all subroutine names are changed by simply adding an 

S to the end except where this results in more than six letters, 

in which case the last two letters are replaced by X (e.g., OPT 

becomes OPTS and RESTNT becomes RESTNX).  All calls to subroutines 

within INSUMT are changed to include the revised names of the 

called subroutines.  SUMT calls INSUMT only by RESTNT calling SUB. 

After SUB is called INSUMT calls only the subroutines within INSUMT 

until SUB returns to RESTNT. 

Second, all labeled COMMON arrays are changed by adding an S 

to the end, except where this results in more than six letters, in 

which case the last two letters are replaced by X (e.g., SHARE 

becomes SHARES and CONPAR becomes CONPAX). 

Third, subroutine MAIN is modified to obtain subroutine SUB by 

changing the name from MAIN to SUB, and by modifying the subroutine 

to read in data for the inside mathematical programs the first time 

each problem is solved and to save the data in an array for subse- 

quent solutions of the problems. 

User-supplied subroutines READIX, RESTNX, GRAD1S and MATRXX 

are called by INSUMT. Depending on a parameter denoting the inside 

mathematical program being solved, the subroutines calculate appro- 

priate function values, first partial derivatives, or second partial 

derivatives. 

In the first several runs of a program, it is necessary to 

observe the intermediate points of the solution of the inside 

programs.  RESTNT thus prints out which inside program is being 

solved, and INSUMT prints out the intermediate points.  After it 



is established that the inside programs are being successfully solved, 

printing of their points is suppressed by deleting the print statements 

from RESTNT and by modifying BODYS, CONVRX, ESTIMS, FEÄSS, INVERX, 

OPTS, OUTPUX, PUNCHS, TECHECX and TIMECS. The modifications are 

described later. 





EXAMPLE PROBLEM 

An example problem is used to describe the use of INSUMT with 

SUMT. 

The problem is to choose x,, ..., x to 

minimize xn +...+ x 1      n 

subject to 

minimum 
v.. +.. .+ v^ < n 1       n — 

x1(v1 - 2)2 + ...+ xn(vn-2)
2 

> rl 

5       2 r.    minimum    x'  (v - 2) +, 
v, +...+ vf < n 1      n — 

n (v - 2) v n   ' ^r2 

To illustrate the problem, take n = 4, r.. =4, r_ = 4 and let the 

starting point be x = x = x = x. = 4 for the outside program and 

v = v = v = v = .5 for both inside programs. The value of the 

objective function of the outside program is 

Xl +  X2 + X3 + X4 = 16  ' 

The objective function of the first inside program is 

4(.5 - 2)2 +  4(.5 - 2)2 + 4(.5 - 2)2 + 4(.5 - 2)2 = 36  , 

and since .5+ .5+ .5+ .5 =2<4 the first inside program starting 

point is feasible.  For the second inside program the objective 

11 



function is 

2(.5 - 2)2 + 2(.5 - 2)2 + 2(.5 - 2)2 + 2(.5 - 2)2 = 18  , 

2    2    2    2 
and since  .5 +.5 -»-.5 +.5 =1<4 the second inside program 

starting point is feasible.  Since 36 > r (= 4),  18 > r ( = 4) , 

the three starting points, one outside and two inside, provide a 

feasible point for all three programs. 

The solution to the example is x, = x„ = x, = x, = 1, with 

v, = v. = v. = v. = 1 in both inside programs, yielding 

x    + x_ + x    + x.  =1+1+1+1=4 

and 

1(1 -  2)2 +  1(1 -   2)2 + 1(1 -  2)2 +  1(1 -  2)2  = 4 

s.t. 
(1+1+1+1 = 4) <4 

> 4 

12(1  -   2)2  +  12(1  -   2)2  +  12(   1  -   2)2  +  12(1  -   2)2  = 4 
s.t. 
(I2 + l2 +  l2 +  l2  = 4) < 4 

>  4 

12 



COMPUTER PROGRÄM INCLUDING USER-SUPPLIED SUBROUTINES FOR 
EXAMPLE PROBLEM 

In this section the user-supplied subroutines for the outside 

program are presented, followed by the INSUMT program, followed 

by the user-supplied subroutines for the inside programs. The 

SUMT program is not supplied, being documented in Reference [6], 

RESTNT contains print statements for each call for solution 

and end of solution of an inside program. The INSUMT subroutines 

SUB, BODYS, CHCKEX, CONVRX, ESTIMS, FEASS, INVERX, OPTS, OUTPUX, 

PUNCHS, T'CHECX and TIMECS contain print statements for the points 

of the inside programs. Thus the program as listed prints all 

intermediate points.  However, the changes necessary to suppress 

printing are indicated in heavy markings directly on the listing. 

Simply remove the boxed statements, and replace them by the state- 

ments written, if any.  Printing is done by SUB only the first time 

it is called, so SUB is not modified.  Printing is done by CHCKEX 

only if control cards dictate, so it is not modified.  All other 

print statements are removed to suppress printing of inside programs. 

It should be noted that all data of the example problem are 

contained in the set of user-supplied subroutines for the outside 

program (READIN, RESTNT, GRAD1, and MATRIX) and the set of user- 

supplied subroutines for the inside programs (READIX, RESTNX, GRAD1S 

and MÄTRXX).  For most problems READIN should be used to read data 

for outside and inside programs, since REÄDIX is called each time an 

inside program is solved, and it should not be used. 

Control cards are read in the following order:  Outside program, 

first inside program, second inside program, and so on if there are 

13 



more inside programs.  SUB saves the control card data, and inside 

program starting points, and provides these data each time an 

inside program is solved.  Dimensions on PARS are presently (2,47). 

including up to 20 variables in the inside program. This would 

have to be changed for more than 2 inside programs or 20 variables, 

14 



User-Supplied Subroutines for Outside Program 
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SUBROUTINE REAMN 
000002   9999 CONTINUE 
000002 RETURN 
000003 END 

16 



000005 
000005 
000005 

000005 
000006 
000007 
000010 
000012 
000016 
000016 

88881? 
000023 

00002* 
000027 
000031 
000036 
000041 
000041 
000042 

8888:: 
ooon5l 
000057 
oooo6i 

8888^ 
000064 
000065 
000070 
000072 
oooo76 
000102 
000102 

000103 
000107 
000107 

8881« 
000126 

000126 
000126 
000127 

SURROUTINE RESTNT(IN.VAL) 
COMMON/PROB/ISP 
COMMON/OUT/NOUTtXT(I00)iV(100) 
COMMON/SH*Rt/ XllOOlt DEL(100)| A(100»100)|N,M. HNtNPliNMl 
pNBN 

VAL'O« 
IF(IN)100»100.?00 

100   DO   I5«   J-l.N 
150   VAL   »VAL   ♦   X(j) 

GO   TO  9999 
200   IF<IN-1>300»300»400 
300   ISP»1 

NOUTaN 
00   3°5   j»l,N 

.   .   lF(X(j)-0.)^0*i30*»305 

30*   X(j)«l.E-0B 

305  XT(J),X( |)  

3Q7   ^°"MAT(11H1   PROBLEM  A1  

100000*0 

CALL   SUB 

308 

320 

400 

*0* 
405 

WRITEI6.308» 
FORMATdBul   PRnBiEM   A   SOLVED) 
DO   J*u   J«'iN 
/AL   .   VA,     »   X(j)»(V(j)-2.)«»2 
/AL"VAL-*. 

*0T 

VA| 

GO   TO   9999 
ISP-2 
NOUT«N 
DO   4O5   j.l.N 
IF(X(J)-0.)*04,*0*t*05 
X(J)»1.E-0B 

XT(J)«X(.|)  
whlTE(6|407) 
FORMATdlHl PROBLEM B) 
CALL SUB 
WRITE<6»A08> 

408 FORMATIlBMl PROBLEM B SOLVED) 
DO 420 J»1,N 

420 VAL . VAL ♦ X(j)»».5 • (V(J)-2.)»«2 
VAL»VAL-*. 
GO TO 9999 

9999 CONTINUE 
RETURN 
END 

17 



SUBROUTINE 6RA0KIN) 
ÜÜÜÜÜ3 COMgON/SHARE/ X(lOO), DEL,100,, * , 100,100,,NtM, MNtNpl,NMl        10000070 
00000£ DO 50 J"1,N 
ooono' so DEL(J)»O. 
000010 IF(IN)»Ofl,100,?00 
000011 100 DO l'O j»ltN 
000013 150 ÜELijf ■ 1. 
000017 GO T0 9999 

88882S 20° CALL DIFFi<IN) 
GO TO 9999 

000022 9999 RETURN 
000023 END 

16 



SUBROUTINE   MATRIX<INiD 
000005 COMMON/SHARE' x'ioo't DEUIOO»« A'looMoo'iNtMt MNINPI.NMI              IOOOOOTO 
000005 IF (IN) 100.lO0t?0O 
000006 loo t«i 
000007 G° TO 9999 
000010 200 CALL DIFF2(IN> 
000011 60 TO 9999 
000013 9999 CONTINUE 
000013 RETURN 
000014 END 

19 





INSUMT 
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000002 
000002 
00000? 

000002 
000002 
00000? 
000002 
000002 

000002 

000002 
000002 

000002 

15 

000012 

000036 
)51 
»52 

OOOO54 

000055 

OOOO56 
OOO'OO 
000112 
000136 
000142 

000172 
000202 
000206 

000216 

000226 
000232 
000242 
000244 
OOO?*6 

000247 
000251 

SUBROUTINE SUB 

MARCH 1971 

MAIN IS THE PROGRAM THAT INITIATES THE SU*T ALGORITHM« THE INPUT OF 
PARAMETERS. OPTIONS« AND STARTING POINT IS DONE IN MAIN. AFTER THE 
SOLUTION OF ONE NLP PROBLEM M'lN LOOKS FO« DATA FOR *NOTHER NLP PROB, 

COMMON/PROR'ISP 
COMMON/0uT/N0UTtXT(i00)tV(100> 
COMMON/lN/WdOO) 

COMMON/SHARfcS/XdOO), DFL(IOO). A (100•100),N,M1 MN.NP1.NM1 
COMMON /EOALS/Ht Hl» MZ 
COMMON /OPTNSS/NT1»NT2»NT3,NT*,NT5.NT6»NTT,NTB«NT9,NT10 
CÖMMöN /VALUES/F.G.PO.PSIG^. Bj(200)» «HO 
COMMON'CRSTS/'OELX(100,• OELX0(I00), RHOIN'RATIO« EPSP THETA0« 

1 HS!<U» Gl«    XH100)» X2(100>t X^(i00>» XR2d00>« XPHlOO»« PRl • 
2 OR2,P1, Fl, R,l(200)» DOTT« PgRAnt'OOlt DTAR^OO). 
3 PBEVS.ADEU, «TCTR, NUMINJ, NPHASE, NSATI* 
COMMON'ExPOPX / NEXOPl» NEX0P2» XEP1» XEP2 

DIMENSION IFTS(2),PARS(2,47) 
DATA IFTS/O'O' 

DO   5  J-l.NOUT 
5  W(j)«XT(j> 

IF<IFTS<lSP>>ln«10.20 

PARAMETER CARD 
READ (5»50> EPSI»RHOIN,THETA0»RATIO»TMMAX.M,N.MZ 
INITIAL  X VERCTOR CARD  FORMAT 
«EAO (5,60) <X(I),I»1,N) 
NTCTR»0 
NP1»N*» 

C SUBROUTINE R£ADlN IS UNOE" PROGRAMMER CONTROL 
CALL READIX 

C OPTION CARO FOLLOWS PROGRAMMERS DATA 
READ (5tfl0) NTl»NT2»NT3,NT4tNT5«NT6»NT7»NTetNT9»NTlO 
WRTTE t6,1^) 
W«ITE 16,120) N,MfM2tTMMAx<RH0iNtB4T,0fEPsi,THETA0 
WRITE '6«130' 
WHITE (6,80) NTl,NT2,NT3«NT4tNT5«NT6,NT7tNT8»NT9,NT10 

C—REAo TOLERANCES 
READ (S,60)  XEPI, XEP2 
WRITE «6,90» 
WRITE (6,70) XpPi, XEP2 

C—READ SECOND OPTION CARD 
READ (5,8°) NEX0P1,NEX0P2 
WRITE (6,100) 
WRITE (6,80* NEX0Pi,NEx0P2 
PARS «ISP» l» ■ EPSI 
PARSIISP, ?> ■ RHOIN 
PARS (ISP, -) ■ THETAO 
PARS (ISP, 4) ■ RATIO 
PARS <ISP« 5> » TMMAX 

c 
c 
10 
c 

000030 
000040 
000050 
000060 
000070 
0000*0 

000180 
000190 
0002=0 
000260 

mr,8 
000290 
OOO3OO 

000320 
000330 
0O03*0 
000350 
000360 
000370 
00038o 
000390 
000400 
000410 
000**0 
000430 

000**0 
000450 
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000252 
00025* 
000256 
000260 
000262 
000?64 
000271 
000273 
000275 
000277 

00030l 
ooo3o3 
000305 

ooCo7 
000311 
000313 
000315 
00031' 
000320 
000322 
000323 
000325 
000327 
000331 
OOO333 
000335 
000337 

000337 
000341 
0003*3 
0003** 
0003** 
0003*? 
000351 
000353 

000355 
000357 

1:* 
00037o 
000372 
000374 
000376 
000400 
000*02 
000*0* 
000*0* 
000*10 
000*12 
000*1* 
000*15 
000*17 
000420 
000422 

000*30 

PARS 
PARS 

20 

(ISP. 
(ISP, 

6) 
7) 

DO * Ki 
L"K*B 

PARSIlSP,U « 
P*RS (ISP.29) 
P*RS <lSp.3U) 
P*RS (ISP.31) 
P*RS <lSp.32) 
P*RS (iSp.33) 
P*RS (ISP.3*) 
P*RS (lSp.35) 

PARS 
PARS 
PARS 
PARS 
PARS 
PARS 
PARS 
PARS 
PARS 
PARS 

<ISP»38> 
( ISP.39) 
<ISP.40> 
<ISP.*1> 
(ISP.*2) 
(lSP,*3) 
<lSp.**> 
(ISP,*5> 
<ISP»46' 
(ISP.47) 

IFTS(ISP)»1 
6° TO 25 

H 
N 
MZ 

X(K) 
NT1 
NT? 
NT3 

NT5 

NT6 

NT10 
• NTn 
XEPl 
XEP2 
XEP3 
NEXOPI 

NEX0P4 
NEXOP5 

EPSI ■ 
RHOIfc« 
THETAO 
RATIO 
TMMAX 
H 
N 

PARS<ISP.1> 
PARS(ISP.2> 
■ PARSIlSP.3) 
■ pARS<lSP.*> 
■ PARSUSP»5) 

P*RS(ISP.6) 
P*RS«ISPI7> 

*Z. P*RS<lSPt8) 
0° 21 K ■ 1.20 

- PARS(ISP»L) 
PARSIlSP.29> 
PARS(lSP.3o) 
PARS!ISP.31) 
PA
R
S,ISP,32, 

PARS<ISP»33' 

L" K*8 
21  XJK) 

NT»  1 
NT2  ' 
NT3  ' 
NT4  1 
NT5 
NT6  ' 
NT7  1 
NT« 
NT9  1 
NT10 I 
NTH 
XEPl 1 
XEP2 
XEP3 - 
NEX°Pl.pABS(lSP,43} 
NEX0P2"PARS«ISP»44» 

PARSdSP.34) 
PARSIlSP.35) 
PARSIlSP.36) 
PARSIlSP.37) 
PARSIISP.38) 
PARSIISP.39) 
PARS<lSPi*0) 
PARSIlSP.*!) 
PARSIlSP»42) 
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000432 GO TO 25 

000433 25 1 
000435 1 

000436 1 
C —- 

OOO437 1 
000440 1 
OOO44 1 1 
OOO442 1 
OOO443 1 
OOO444 
OOO445 

888m 
000456 
000462 1 

C MPHA 
000463 
000*7* 30    1 
000475 
000476 
000477 
000*01 35 
000505 

C 
c 

000505 50 
C 

000505 60 
OOO5O5 70 

C 
000505 

100 
OOO5O5 
OOO5O5 
OOO5O5 110 

1 

OOO5O5 120 
1 

130 000505 
000505 

CALL SETS(TMMAX) 
CALL TIMECS 
NPHASE*4 
JUST TO GET AN INITIAL PRINTOUT 
CALL EVALUS 
POaO.O 
6«0,0 
H«0,0 
HSIGMA*0,0 

CALL OUTPUX (2) 
CALL STORES 
IF (NEXOPl.GT.i) CALL CHCKEX 
IF (NEXOpl.EQ.*) STOP ÖIO72 
IF (NEXOP1.EQ.*') STOP 01104 
CALL FEASS 
SE»5 IS USED TO INDICATE NO FEASIBLE POINT EXIST 
GO TO (30,30,30,30,10), NPHASE 

NPH
A
SE»

2 

NTCTR=0 
CALL BODYS 
DO 35 J»ltN 
V(J>BX(J) 
RETURN 

PARAMETER CARD 
FORMAT (5EK.0OI4) 
INJTIAL  X VERcTOH CARD  FORMAT 
FORMAT (6E12.6) 
FORMAT (6E20t7) 
OPTION CARD FORMAT 
FORMAT (1017) 
FORMAT (13H0 TOLERANCES  ) 
FORMAT (26H0 SECONO SET OF OPTIONS    ) 
FORMAT (56H

1
 NONLINEAR PROGRAMMING POUTINE-SUMT VERSION *    SUB 

FORMAT (1Hn»5X,2HN«I3t6xt2HM»I3i6x.3HMZ"I3//flXtl0MMAX, TIME'E1*.7. 
*Xt2hR»El*.-'.*X.6HRATl0»El*.7t6X,8HEpSIL0N»El*.7t*Xt6HTHET*«El*,7) 
F°RMAT (lflH0 OPTjONS SELEC

7ED, 
END 

Hfl8 

000500 
000510 
OOO52O 
000530 

OOO57O 
0005p0 

8880?8 
00062o 
000630 

000670 
0006B0 
00069o 
000700 

222710 000720 
000730 

000750 
0007AO 
OOO77O 

000790 
OOOgOO 

OOOBlo 
000620 
000630 
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000002 
000002 
000002 
000002 

000002 

000002 

000003 
00000« 
000005 

000006 
000007 
000010 
000011 
00001* 
000020 
000022 
000023 

000024 
j34 
136 

000(1*5 
0000S3 
000054 

000056 
000060 
000061 
000070 

000071 

000100 
000102 
000110 
000116 

000124 
000125 

000127 

000130 
000133 
000142 

SUBROUTINE BODYS 
C 
C OCTOBER 1970 
C 
C BODY COORDINATES THE FLOW AM0N6 THE SUBROUTINES THAT ACTUALLY 00 THE 
C CALCULATIONS REQUIRED BY THE VARIOUS PARTS OF THE ALGORITHM. 

COMMON/SHARtS/X<100), DEL<100>' Ai100»100)IN»MI MN«NPl«NMl 
COMMON /0PTNSS/NTl»NT2»NT3tNT*iNT5fNT6.NT7,NT8.NT9.NT10 
C°MMON /VALUES/F,G,P0,"Sl6MA, Rj(200). 

R
HO 

COMMON/CRSTS/DELXdOO'» DELXOdOO»* RHOIN'RATIO» EPSI' THETAo' 
1 RSIGlt Git    XK100)« X?(100). X3(lOO)t XR?<100>. XRIUOO), PRl. 
| PR2.P1. F't Rjl(2oo>« DOTTt PGR»D(loO>» Dl*G(l0O>» 
3 PREV3,AoELx» NTCTR. NUMINII NPH»SE« NSATIS 
COMMQN/CONP*X / NFl. NF2iNF3 

NF2«2 

NF3.2 
MN"0 
NUMIMaO 

C OPTION Op  GETTING   INlTuL  "HO 
CALL  RHOCOX 
CALL EVALUS 

10    CALL XMOVES 
GO TO (30*20)t NT3 

20 C*LL IIMECS 
CALL OuTPL 'UX (1) 
GO TO 40 

30 CALL TCHECX 
C IN FEASIBILITY PHASE 4 
40 

MEANS  FEAS ACHIEVED 
GO TO t50.5*;»50.200), NSATIS 

50 C*LL CONVRX (Nil 
GO TO <6°.10.»3<,>, N1 

MINIMUM *CHIEVE0 IF  Nl»l 
G° TO ,7o,80), NT3 
CALL TIMECS 
CALL OUTPUX (l) 
NUMBER OF MINIMA ACHIEVEO INCREASED BY * 
NUMINIaNuMINI»l 
MN«<» 
GO TO (»9°,9°t9°)i NPHASE 
C*LL ESTlMS 

FINAL MIGHT HAVE BEEN CALLED BY ESTIN.C°NVERGED IF 
GO TO (100*U0M20}* NT4 

C   NT4-1 FINAL CONVERGENCE ON 0 ORDER ESTIMATES, NT4"2 CONVERGE ON FIRS 
C  ORDER ESTIMATES, NT*"3 CONVERGE ON SECOND ORDER ESTIMATES, 
100   CALL FINALS(NFI, 

GO TO '130M40' • NFl 

C 
60 
70 

C — 
80 

90 
C "2-1 

UO 
120 
130 
1*0 

GO TO (130.140), NFJ 
GO TO <130,1*0>, NF" 
RETURN 
RHO"RHO/RATIO 

C USING PREVIOSLY COMPUTEO VALUES FOR F, AND RJ P IS RECOMPUTED WITH THE 
C NE* V*LUE OF RHO. 

CALL PEVALX 
C A VECTOR IS LEFT IN DELX'l» BY ESTIM 

IF (NUMlNI-f) 10,150,150 
150   GO TO 110tl?0,l'o>, NT7 

160   CALL GRADS(2) 

000850 
000860 
000870 
000880 
000890 

000980 
000990 
001000 

001060 

001090 

001110 
001120 

001140 
oon'o 
001160 

0011,0 
001200 
001210 
001220 

001240 
001250 

$8117$ 

001290 
001300 
001310 
001320 
001330 

134C 
135C 00 

001370 
001380 
001390 
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00014* CALL   OPTS 
0001*5      . GO   TO   MHO.1701»   NT3 001*20 
000153     | 170       HEUTE   (6,2*0) 170 CONTINUE 
000157                       CALL   OUTPUX   (1) 
0001*1        IgO        GO   TO   50 001*50 
000162        190        IF   (S)   9o»90i200 001*60 
0001ft*       200       HETURN „                        „„  „                                                001**0 

C   ...   DUAL   VALUE   G«EATfR   THAN   0   MEANS  NO  FEASIBLE   P0INT   EXISTS 001*«0 
C 001490 

000165        210        FORMAT   <6X,30HMOVED  ON  FXTRAPOLATION  VECTOR   ) 001500 
OO0H5                       ENf) OOI5IO 
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000002 
ooooo? 
000002 

000005 
000006 
000010 

000012 
00001* 
000015 
000022 
000024 mu\ 
OOOO'* 

0000*5 

000067 
000071 

176 

oodo1 

000102 
000110 
ooonj 
oooil* 
000116 

.1! 
000123 
000126 
000127 
000137 
OOOUO 
0001*3 
000145 
0001*" 
000150 
000153 
000156 
000163 
000164 
000203 
000206 
000?0* 
000210 
000216 
000220 

SUBROUTINE CHCKEX 

MARCH 1971 

CHCKER COMPUTES AND LIST THE FIRST PARTIAL DERIVATIVES USING GRAD1 
ANO THEN USING NUMERICAL OIFFERENclNG (DIFFi).  IF REQUESTED THE 
StcONo PA«TIAL UE"IVATIVES »RE COMPUTED A*D LISTEO USlNG M*TRiX tNp 
DIFF2. 

COMMON/SHARES/X(100), DEL(IOO), »(100.100),N,M. MN.NPliNMl 
COMMON /EOALS/H» Hit M2 
MMZ«l*M*MJf, 
D° 5 J.l,* 
UEL<J'»1.23 .2345678 

5     CONTINUE 
DO i0 I»ltMMZ 

Ifi"!"1 
WRITE (6,170) I* 
CALL GRAOIS'IN» 
WRITE (6.180» (DEL(J>tJ-i«N) 
C*LL DIFF}S(IN1 
WHITE (6.18Ü) <DEL(J)»J"'.N) 

10   „CONTINUE 
C..

SOM
ETIMES 0NLY FJRST DERIVATIVES A«E TO BE CHECKEO 

IF (NEXOPi.LT.4) GO TO i60 
WRITF <6,l9") 
DO 1=0 I-l.MHZ 
IN.I.l 
WRITE '6M70' IN 
IT"2 
00 30 K.1,N 

DO z0 j"lfN 
20    A(K,j,.0. 
30    CONTINUE 

CALL MATRXX(IN.IT) 
IE (iT.EO.l) GO TO 150 
D° 50 K«2,N 

KM1-K-1 
DO *0 j«l,KMl 
IF lAiKijl.tO.O.O) 00 TO *0 
*Ex0P1.5   " 
WRITE <6,210> K.J 
GO TO 60 

40 CONTINUE 
50 CONTINUE 
60   00 90 K«I,N 

DO T0 J-K.N        „  „ 
IF <*(K.J).NE.0.0) GO TO „o 

70    CONTINUE 
WRITE (6.220) K 
GO TO 90 

80   W«ITE (6,200) K,(A(K,J),J.1,N) 
90   CONTINUE 

DO HO K«i,N 
DO 100 jaltN 

100   A(K,J)»0, 
110   CONTINUE 

WRITE<6»115> IN 

001530 
001540 

001550 
001560 

mm 
001590 

00l63g 

001640 
001650 
001660 

001670 
001»8o 
001690 

001710 

001730 
00l7*0 
001750 

BHftg 
0017*0 
001790 
001800 

mm 
ooie30 
001840 
001850 

00l870 
001880 

mitt 
001910 

001930 
001940 
001950 
001960 
001970 
00l980 
001990 
002000 
002010 
0020?0 
002030 
002040 
002050 
0020*0 
002070 
002080 
002090 
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000226 
0002?6 
000230 
000?32 
000233 
000236 
000241 
000?*6 

000247 
000266 
000271 
000274 
000274 

000275 
000275 

000275 
000275 
000275 
000275 
000275 

115 

120 

130 
140 
150 
160 

C 
170 
180 

190 

m 
220 

K|(A(K.J),J«1,N, 

FORMAT (13H0 CALL DIFF2(.l2.lH) 
CALL 0IFF2S(IN) 
DO l4° K^.N 
DO l2o J=K,N 
IF C*(K,J).NE.O) 6° TO 13o 
CONTINUE 
WNITF (6.220) K 
60 TO 1*0 
«HlTF (6,200) 
CONTINUE 
CONTINUE 
CONTINUE 
RETURN 

FORMAT (   28H0CHECKFR CONSTRAINT NO. , 13) 
FORMAT (lH0i24HCHECKER 1ST PARTI ALS/<1X.F20.8«E20.8»E20.8.E20. 

IB,E2o,fl,E2o.8)) 
F°RMAT (1H0I2*HCHECKF" 2ND PARTIALS) 
FORMAT UHoROW»   13 /(iX»E?o.S'E2n.'»,E2o.'"E20.8,F-20.8,E20.fl) ) 
FORMAT (3H   A«tl2,lHttI2.!<>H>    «NE.   °.°> 
FORMAT (*H  R0W,l3,llH   ALL   ZEROS.) 
END 

002100 

002120 
002l3o 
002140 
002150 
002160 
002l70 
002180 
002190 
002200 
002210 
002220 
002230 
002240 
002250 
002260 
002270 

88I1S8 
002300 
002310 
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000003 

ooooo:| 
000003 

000003 

00000^ 
OOOOO3, 
000003 
00000« 
OOOOll 

0000?0 
00002* 
0000?* 
000032 

mm 
0000*3 

0000*7 
000053 
000056 
000060 
000061 
000065 

000067 

88887
7? 

000073 

000073 

0000T3 
000073 

SUBROUTINE CONVRX (Ml) 

OCTOBER 1970 

AFTER EACH ITERATION OF THE ALGORITHM TO LOCATE THE MINIMUM OF THE 
PENALTY FUNCTION, cONVRG OETERMINgS IF THE CURRENT POINT IS CLOSE 
ENOUGH TO THE POINT GIVING THE MINIMUM VALUE OF THE P FUNCTION. Ni SET EQUAL TO 1 IF MJNJMUM HAS BEE

N
 F°UND, 

Nl SET EQUAL TO 2 IF MINIMUM HAS NOT BEEN FOUND AND TIME IS NOT UP 
Nl SET EQUAL TO 3 OTHERWISE 
OOTT SET EQUAL TO (DEL P)(INVERSE(DEL«DEL P)))<DEL P> IN OPT 
COMMON/SHARES/X(100), OEL(100)» A(lö0tlÖ0),NtM, MNtNPlfNM

1 

COMMON /0PTNSS/NTltNT?«NT3,NT*»NT5,NT6tNT7,NT8,NT»tNTlU 
COMMON /VALUES/F.G»POtRSlGMA, Rj<200)t RHO 
COMMON/CRSTS/OELX(100), DELX0<100), P-HOIN,RATIO, EPSI, THETAO, 

10 

20 

♦38 
50 

60 

C 
C 

70 
75 

C 
80 

,0 

2 "I61! 2 PR2,?1. 
Gl 
F1» Rj 

?1 ««'.• X2doo>
t X3fJ8°** M* 

DOTT, PGRADI 
3 PREV3,ADELX« NTCTR. NUMINI« NPHASE» NSATJS 
COMMON/EXPO^X / ME> 
COMMON /TSWS/NSWW 

IF «HN.Lc.l) Ql«pO 
(10,2&,30,, 

AG< 
)>• XRldoo»' P«!» 

GO TO l10»*?^") . NTq 
IE <ABS<DOTT).LT.EPSI) G0 TO 70 
GD T° «0 
IF <ABS<DOTT>.LT.<Pl-P0>'5.0> GO TO 70 
GO TO *0 
IF (AOELX.LI.EPSI) GO TO 70 
GO TO (50,6°), NSWU 
IF (MN.LE.

1
) 

RETURN 
IF (p0«xEp2 .LT. Oi, 
wRtTE 16'BoTf 

G° TO 75 

GO TO 70 
CALL PUNCHS 
IWRITE (6.9nT1 
Nl«J 

FOUNO THE MINIMUM TO THE SUBPROBLEM* 
RETURN 

QI . pO 
RETURN 

FORMAT (JOOH APPARENTLY ROUNOOFF ERRORS PREVENT A MORE ACCURATE OE 

ITERMINATJON OF THE MINIMUM OF THIS SUBPPOBLE*»
1 

FORMAT (*8H
0
««»» TIMF IS UP» CALLING EXIT FROM CONVRG. ••••) 

ENO 

002330 
0023*0 
002350 
002360 
002370 
0023fto 
002390 
002*00 
002*10 
002420 

002520 
002530 
002540 

002550 
002560 
002570 
002560 

88ÜS8 
00*610 

002620 

0026*0 

002'7o 
0026B0 
002690 
002700 

88§7?8 
002730 

0027*0 
002750 

002770 
0027B0 
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000003 

000003 
000003 
000003 
000005 

000011 
000012 
000014 
0000J5 
0000l7 

000022 

0000?4 

000027 
000032 
000042 
000043 

000044 

SURROUTlNE OIFFIS(IN) 

FEBIJARY   1971 

DIFFl COMPUTES THE FIRST DERIVATIVES RV NUMERICAL DIFFERENCING. 

—USER CAN CALL FOR DIFFERENCING OF SELFCTED FUNCTIONS 
COMMON/SHARES'X(100).   DEL(10°)t   A(100t100),NtM.   KN.NPUNMI 

10 

20 

30 

CQMMQN/EXPOPX / NEXOP1» NExOP2t XEPl. XEP2 
C0MMÖN/ STlRxS/XSTR, loo )  ,  XSSS, l00). c 
no 

DDLL(IOO) 

XSTR(J)«X(J) 
DO 30 J.l,rt 

IF (J.EQ.1> GO TO 20 
JMl»J-l 
X(JMI)«XSTR(JM1) 

XljlBXSTRljJtXpP1 

CALL RESTNX (IN.ZZ*) 
X(j)»XSTR(j)-Xrpl 
CALL R£STNX (^.ZZl) 
DEL«j'«<ZZ2-ZZi>7(2.» 
X(N)>XSTR(N> 
RETURN 
END 

XEPl' 

002800 
002810 
0028?0 
002830 
002g40 
002850 

002890 
002900 
002910 
002920 
OO293O 
002,40 
002950 

00297o 

002990 
003000 
003010 

003020 

30 



000003 
000003 
000003 

000003 

000005 

nun 
000014 
000015 
00001? 
000022 
000023 
0000?6 

000032 
000035 
000036 
0000*1 
000057 
000061 
000062 
000063 

10 

20 

30 

*0 
SO 

SUBROUTINE 0IFF2SIIN) 

OCTOBER 1970 

0IFF2 COMPUTES THE SECOND DERIVATIVES BY NUMERICAL 0UFERENCIW5. 

COMMON/SHAPES/x(100), OEL(IOO)» A<100»100)»N,Mt MNtNPl.NMl 
COMMON/EXPOPX / NEXOPU NEXOP2» XfPl, XEP2 

COMMON-' STiRXS/XsTR( 100 )  •  XSSS< l00>» ODLL'lOO) 
DO 10 j"l»N 
XSJ' xsss,j)Bx(j) 
DO 50 J»1»N 
IF (J.EQ.1) GO TO 2° 
JM1«^-1 

X(JMI)«XSSS(JM') 
Xljt-XSSsljl^XFP1 

CALL GfAp'SdN) 
DO 30 I«'»N 
OÜLL(I>fOEL<l' _ 
X(J)«XSSS(J).XEP1 
CALL GRADlS(IN) 
DO »0 I«J,N 
Aij»I>"<0DLL<I)-DEL<I>>/<2.»XEPl> 
c0RTjNUE 
XIN'^XSSS'N' 
RETURN 
END 

003040 
003050 
003060 
003070 
0030„0 

0031?0 
003130 

B8&8 
003160 
OO3I7O 
0031fl0 

003200 
003210 
003220 

003240 
0032^0 
003260 
003270 
0032A0 
003290 
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000002 
000002 
000002 
000002 
000002 

000002 
000002 
000003 
000005 
00000$ 
000011 
00001* 
000016 
000017 
000020 
000024 
000026 
000030 
000032 
00003* 
0000*0 
000047 

I53 '55 
000066 
000070 
000071 

?72 574 

000075 
ooo'o* 
000106 

mils 
000116 
000125 
000127 
000127 
000133 
000140 
000144 
000145 
000153 
000155 
000156 
000157 

SURROUTINE ESTIMS 
C 
C OCTOBER 1970 
C 
C ESTIM PERFORMS THE COMPUTATIONS TO ESTIMATE THE LAGRANGE MULTIPLIERS 
C AND MAKE THE FIRST- AND SECONO-OROER ESTIMATES OF THE FINAL SOLUTION 
C OF THE PROBLEM. 

COMMON/SHARES/X<100), DEL<
100

>» A<1°0.100),N«Mf MN.NPliNMl 
COMMON /EQALS/H» Hit MZ 
c 
c 
COMMON/CRSTS/DELXt 

OMMQN /OPTNSS/NTitNT2iNT3,NT*.NT5tNT6tNTT,NT8.NT9«NT10 
OMMON /VALUES/F.G.PO,"SIGMA, 

Hj<2oo)f 
P
H0 

OMMON/CRSTS/DELXtlnnl» DELXg(l0o>' RHOlN'RATIO» EPS1» THETAn» 
1 RSTG't G

1
!    xl(IÖO), x2(100), X3(100), XR2,100), XRI(IOO), pBl, 

2 PR2tpli F1» Rjl(200). pOTTi PGRAD<l00)t 01*6« 
3 P"EV3.A0ELX. "TCTR, *U"l"l, NPHASE, NSATJ4 

K 100) 

COMMON/CONPAX / NFl» NF2»NF3 
CALL   STORES 
Zlo»R*TIO»»2 
Z9«RATiO 
Zl«1.0/Z9»1.0/Zl° 
Z2«Zl*l./Z9»»3 
Z3»l./Z9»«3 
Z*»ZlO*Z9 
5.79*«3 
6«1.0/((ZlO-1.0)»1*9-1.0)) 

Z7»l«/*9 
Z8»1./(Z9-1 .) 
RO»1.0/RHO 

I 

m IF    (NUMlNl-g)    ISQ.BOMQ 
Ito      WRITE (6>3J5n 

P0«(PR*-Z*»PRUZ5#Pl)«Z6 

G«<RATl0#Gl-6"n/(,'ATlO.l,) 
DO   20   I»1»N 

20 X(l>»(XR2(l)-Z4»XRl(l)*Z5»xl(i))»Z6 
NPSNPH*SE 
NPHASE.4 
CALL  EVALUS 
NPHASE'NP 
CALL OUTPUX (2) 

C CHECK TO SEE IF ESTIMATES HAVE CONVERGED 
60 TO <7p.30»7o>» NPHASE 

30    DO 50 J»1IM 

10 CONTINUE 

40 
50 

60 
70 

IF (RJ(J)) 40,50,50 
IF ITHETAO**J'J" TO^O'SO 
CONTINUE 
GO TO <7o»70»6Q>t NT4 
CALL FINALS(NF

3
) 

CONTINUE 
|80    WRITE (6,340Tn 

8«(R*TIQ»G1-GR1)/(RATIO-1.) 
po.<z9«pi-p*i>«ze 
DO 90 I*1»N 

90    X(I)«(Z9«X1(I)-XRl<I))»Z8 
NP«NPHASE 
NpHASE.4 
CALL EVALUS 
NPHASE-NP 

80 CONTINUE 

003310 
003320 
003330 
003340 

885118 

003470 
0034RO 
0034,0 
003500 
003510 
003520 
003530 
003540 
003550 
003560 
003570 
003580 

Oo36oo 
003610 

88i|i8 
003640 
003650 

003670 

0036Q0 

003700 
00371o 
003720 

Mg2« 
003750 

OO377O 

003800 
003790 
003810 
003820 
00383o 
003840 

003860 
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0001M 

000162 
000171 
000173 
000175 
000200 

000203 
000?l2 
000214 
000214 
000220 
000222 

nmt 
000232 
000234 
00023$ 
OOO"** 
000252 
00025« 

m?$ 
000263 
0002*6 

888IJ? 
000310 
000312 
OOO313 
OOO3U 
OOO3I5 
000,l7 

000321 
00032« 
000325 
00033* 
000336 
000343 

0003** 

3** 344 
00034* 

CALL OUTPUX (2) 
C CHECK TO SEE IF ESTIMATES HAVf CONVERGED 

60 TO U4O.IOO.UO>. NPHASE 
100   00 1?0 Jrl.M 

IF   (BJ(J>)   110,120,120 
110        IF   (RJ(J)*THETA0>    140M20M20 
120       CONTINUE 

60 TO <U0»130.140)t NT4 
}30   CALL FINALS(NF2) 
140   CONTINUE 

IW       WHITE   '^?W,l6o 
150 CONTINUE 

160 

li8 
190 

IF    (M 
D°   17 

M) 
0 J-1,M 

RJ<J>»RHO'RJI[J> 
IF   <MZ>   210,210,190 
00  ?00   j«l,«Z 
MNj.M.J 
HJ(MNJ)»J,«RJI (MNJ)»RO 

0 
220 
230 

240   CALL  OUTPUX   (2) 
CALL  REJECX 
IF    (NUMINI- 
GO 
SEC1 

DO  270   I*}"*. 

Mi 

2*0 
C 

2«0 

290 

300 
310 
320 

C 
330 

HJ(MNJ)»j»,«Rji <MNJ)»f 
GQ   TO    (220,'*0),   NT? 
0°   230   1,1. 
X<I'«Rh07Xl<I» 

.L   OUTPUX   (21 
-L  REJECX 

(NUMINI-2)   280»300.250 
TO    <280.310,2<>0> .   NT7 

-0ND     OROER   M0VE     FOR  NEXT   MlNlMUf 

DO  270   I»1'N 
DELX(I)"Z

I
»X

1
(I)-Z2«XR1(I)*Z3»XR?(II 

PR2.PR1 

PRUpl 

?9°    I-l.N 
R2<I>«XR1<I> 
Hl(I)-«l (II 

GR: 

DO 
X 
X 
RETURN 
GO TO <280»310.310>» NTT 
DO 3?0 1*1,N 
DELX(I).,Xl(I).xRl(I))»Z7 
GO TO 28Q 

888»:  m 
FORMAT (/26M0 
FORMAT (/P6HQ 
FORMAT </25H« 
END 

2ND  ORDER ESTIMATES ) 
1ST  ORDER ESTIMATES ) 

LAGRANGE MULTIPLIERS  ) 

00388« 
003890 
003900 
003910 
0039?o 
003930 
003940 

003960 

00398o 
003990 

mm 
00*02o 
004030 
004040 
00*050 
004060 
004070 

004100 
00*110 
004120 

88J1I8 
004150 
OO4UO 
004lT0 
OO4I.O 
00*1,0 

00*200 
004210 
004220 
004230 
00*2*0 
004250 
004260 
004270 
004280 

88:538 
00*3io 
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000(102 
00000? 
000002 
000002 
000002 

li 
OOOOO4 
OOOOO5 
000006 

000016 

00002« 
000026 

888828 
000041 

0000*3 

0000*5 

000047 

000052 
000052 

'57 
000057 
00006* 

}65 
566 

000073 
000076 

OOOO76 
OOO160 
000105 
000112 

000113 

c 
c 
c 
c 
c 
10 

SUBROUTINE EVALUS 

OCTOBER 1970 

IN THE NORMAL PHASE EVALU CALLS THE USER-SUPPLIED ROUTINES TO EVALUATE 
THE OBJECTIVE FUNCTION AND THE CONSTRAINT FUNCTIONS AT THE CURRENT 
POINT. IN THE FEASIBILITY PHASE THIS ROUTINE PUTS THE NEGATIVE SUM OF 
THE VIOCATED CONSTRAINTS IN LOCATION F. 

COMMON/SHA*tS/X(100), OEL(100), 4(lOOi100),N,M, MN,NP1,NM1 
COMMON /EQ*tS/Ht H1» MZ 
CÖMMÖN /bMsS/NTi,NT2,NT3,NT4,NT5fNT6fNT7tNTfltNT9fNT,0 

COMMON /VALUES/F.GtPO.RSIGMA, RJ(200)t RHO 
COMMON/CRSTS/DELXI100)1 DELXOUOO)» RHOINtRATIO» EPSI. THETAOt 

1 RSlGl* G1«    XI (100) t X?(100), XJ(lOO). XR?(100)i XHK100). PR1. 
2 PR2,P1, Fl, RJ1(200), 0°TT, PGRA0(10Ö), OIAG(IOO), 
3 PREV3»ADELX» NTCTR' NUMINI» NPHASF' NSATIS 
H«0.0 
RSJGMA»0.0 

NSATIS"
2 

GO TO (KMOOtVtZ00). NPHASE 
■1  FEASIBILITY 
»2  NÖRM4L 
■3  GUESS 
■*  ALL FUNCTIONS ARE TO BE EVALUATED 

FEASIBILITY 
GO TO (20t*0) , NT2 

C NON 
20 

INCLUDED 

n 

NEG*TIVIES iNCt 
D° 30 I.1.N 

IF «x'l'i 260»26o»30 
RSIGMA»RSIGMA-RHO«ALOG(X(I)) 
IF <M.£Q.°> GO TO 9° 
DO 8° J"JiM 
CALL RESTNX (J.RJ(J)) 
IF (Rjl(j).LE.O.O) GO TO So 
IF <RJ(J),GT,0,0) GO TO 60 

C VIOLATION OF A PREVIOUSLY SATISFIED CONSTRAINT 
GO TO 260 

50    IF (RJ(J).GT.o.o) GO TO 7o 
C ALL VIOLATED CONSTRAINTS ADDED INTO OBJECTIVE FUNCTION 

F"F-RJ(J) 
GO TO 8Ö 

60   RSIGMA«RSlGMA-RHO»ALOG(RJ(J) ) 
GO TO 80 

C INDICATES SATISFACTION Op C0NSTRAINT,IORMORE) 

70    NSATISal 
RSlGMA«RSIGMA-RHO*ALOG<RJ(J> > 

80    CONTINUE 
90    CÖNTINUE 
C EQUALITIES NOT COMPUTED IN FEAS. PHASE 

PO«E*RSIGMA 
G"F-«HQ»FLOAT(M) 

IF (NT^.EQ.M 0»C 
RN RETUI .. 

C  REGULAR  PHASE 
100   GO TO (110*130)' NT2 
C NON NEGATIVITIES INCLUDED 

■G-RHO»FLOAT(N) 

00*330 
00*3*0 
00*350 
00*360 
004370 

88J1J8 

88::9
88 

004500 
004510 
004520 
00**3o 
00*5*0 

88ti|8 
004570 

004580 
00*590 
00*600 
00*610 

mm 
0046*0 

00*66o 
00*670 
00*680 
004690 

nv7n 
mm 
00*760 

88t788 
00*T9o 
00*800 
00*810 
004820 
004830 
00*8*0 
00*85o 
00*860 

88:2J8 
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000121 
000123 
OOOl?5 

000135 

0001*2 
OOOU* 
000151 

00015« 
OOOIJ* 
0001=6 
000160 
000162 
000l64 

000166 
000171 

mvA 
000l77 
000201 
000205 
OOO2O7 

000214 

000215 

000216 

000216 
000217 
000221 
000223 
000226 

000230 
000?32 
00023* 

0002*7 
0002*7 

) 

110    DO 120 Irl.N 
IF <X(I>> f60t2«>0tl2o 

l2o   HSIGM*»HSIGM4-RH0«*L06(X(I)) 
130   IF (M.E°,0) G° TO 15o 

DO   1*0   J»1'M 
C*LL   RESTNX    (J»HJ(J)) 
IF   <RJU> .LF-.O.O)   GO  TO  26o 
RStGMA,"SlGMA-ÖHO,AL

0G(RJ(J): 
1*0   CONTINUE 
C EVALUATE AND ADO IN EQUALITY CONSTRAINTS 
150   CONTINUE 

CALL RESTNX ( n»F> 
IF   <MZ>    l80tl8o.l<>0 

160        U°   170   LltMZ 
J»I*M 
CALL RESTNX (J.RJ(J)) 

C ADÜ INTO THIRD TERM OF P FUNCTION 
H«H»(Rj(J))»*2 

I7n   CONTINUE 
H»H/RMO 

1S0   P°«RSIQMA*H 
p0,F»p0 
6«2,»H-RH0»FL0AT(M) 

G«G*F 
IF (NT2.E0.1) CI*G-

R
HO»FLOAT(N) 

C DUAL VALUE 
RETURN 

C GUESS PHASE NOT COOED 
RETURN 
STRAIGHT FUNCTION EVALUATION 
CONTINUE 
IF (M.EO.O) GO TO 220 
00 210 l»l,M 
CALL RESTNX (ItRj(I)) 
CONTINUE 

220 CALL RESTNX (0tF) 

C EQUALITY CONSTRAINTS 
IF (MZ) 250.250i230 

23o  UO 2*0 i«l,MZ 

190 

5öÖ" 

210 

( MAIN*FEAS ONLY) 

K^ M. I 

m$ü  25g *0 CALL RESTNX ( KZ'RJ<KZ>> 
RETURN 

C CONSTRAINTS VIOLATED NOT SO BEFORE 
260   NSATIS«3 

p0«10,E35 
RETURN 
END 

00*890 
004'00 
00*910 
00*920 
00*930 

00*950 
00*960 
00*970 
00*9SO 
00*990 

00=010 
005020 
005030 

005o5o 
005060 
005070 

8818^8 
005100 
005110 
005120 
005130 
0051*0 
005150 
005160 
005170 

88US8 
005200 
005210 

00523o 

005250 
005260 
005270 
005280 

005300 
005310 

88ÜI8 
0053*0 
005350 
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000002 
000002 
000002 
00000? 

000002 

000003 
000011 
000012 
00001* 
000016 

II 
00002* 
000032 
000033 

Ig 
0000*1 
0000*3 

oooo45 

0000*7 
000051 
00005* 
000055 
0000*1 
000062 
00006* 
000066 
000067 
OOOO7O 
000072 
00007* 
000077 
000077 

000103 
00010* 

000105 

000105 
000105 

000105 

SUBROUTINE FEASS 

OCTOBER 1970 

FEAS DETERMINES WHfTHER THE STARTING POINT IS FEASABLE. IF IT IS NOT, 
FEAS LOOKS FOR A FFASABLE ONE. IF NONE EXISTS. A MESSAGE IS PRINTED 
AND CONTROL RETURNS TO MAJN. 

COMMON/SHARES/X(100), DEL,100), A(100.100),
N,M, MN,NPltNMi 

COMMON 'OPTNSS'NTl»NT2»NT3tNHtNT5»NT6,NT7»NT8»NT9»NTlO 
COMMON /VALUES/F,G,Po»«SlGMA, *J(?00>» RH0 
COMMON/CRSTS/DELXdOO). OFLXO(lOO)» PHOIN,RATIO» EPSI. THETAO. 

1 RSIG1, 61,    Xl(lOO), X2(100), X3(lOp), XR2(100), X«l(100), p«l, 
2 PR2.P1» Fl« RJ1<200'« OOTT» PGRAD<lo0>» DIAG'lOO'» 
3 PREV3.A0ELX, NTcTR, NUMINI, NPHASE» NSATIS 
NPHASE'1 
GO TO (10,50), NT2 

10    NFIX'l 
DO 30 I»1»N 
IF (X<I>) 20,2o»30 

20    NFIX,2 
X(l>«l.E-o5 

3°    CONTINUE 
GO TO <§o»*0>» NFIX 

*0    NPH*SE»* 
CALL EVALUS 

C JUST GET ALL CONSTRAINTS EVALUATED 
NPHASE«! 

50 
60 

70 
80 

90 
100 

110 

IWRITE (6»13") I 
C*LL OUTPUXl <?1 
IF (M) 9<>,9..6n 

DO 70 I"1,M 
IF (RJ(I)) 100,100,70 
CONTINUE 
CALL TIMF.CS 

LllIL 

IWRITE (6,1*0) I 
G«0,0 
CALL RESTNX j 0,F) 
CALL OUTPUX <2> 
RETURN 
CALL BODYS 
DO HO I-l.M 
IF (RJ(D) l20,120,110 
CONTINUE 

WRITE '6»l 50^ 120 CONTINUE 
C TO INOICATE TO MAIN TO START ON NEXT PROBLEM. 

NPHASE-5 

c 
130 

1*0 
150 

GO TO 

FORMAT <1H0,2X,A8HMADE VIOLATED NON-NEGATIVITIES SLIGHTLY POSITIVE 
1) 
FORMAT (5lH°»»»»»THE FEASIBLE STARTING POINT TO BE USED IS ...) 
FORMAT (3x,B9HTHIS PROBLEM POSSESSES NO FEASIBLE STARTING POINT, W 
1ILL LOOK FOR DATA FOR NEXT PROBLEM.  I 
END 

005370 
005380 
005390 
005*00 
OO54IO 
00=*2o 

00350o 
005510 
005520 
005530 
0055*0 
005550 

88g?g 
005560 
005590 

005610 
005620 

OO565O 
O0S660 

005670 
005660 

oo5"Mo 

0057*0 

0057*0 
00*770 
005T*0 
005790 

OO58IO 
0058?0 
005830 

005840 
005650 
005860 
005870 
005880 
00*890 
005900 
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000003 
000003 

000003 
000003 

000003 

mm 
0000?1 
000025 
000030 
0000*0 
000043 
0000*6 
000047 
000055 
000056 

8888£! 
000062 

SUBROUTINE EINALS(N2) 

OCTOBER 1970 

KHETHFR A 
UETFBMINE 

POINT SATISFIES 

IF THE NLP 

10 

20 
30 
«0 

so 

60 

}&)': 
....     THETAQ' 

X3(100), XR2(100), Xpl(100,, pRl, 

PGHAD(lOO)1 OTAfi(lOO)» 
NPHASF, «SATIS 

FINAL CONTAINS THE TESTS USED TO DETFRMlNE 
TME FINAL CONVERGENCE CRITERION CHOOSEN TO 
PROBLEM HAS HEEN SOLVED. 
N2 SET EOUAL TO 1 IF CONVERGENCE C

R
ITE°ION IS SATISF^D. 

N2 SET EOUAL TO 2 0TH£R«ISE. 
COMMON/SHAPES/X(100),   OEL(100)«    Ai100'100'»N.M»   MN.NPUNMI 
COMMON   /OPTNSS/NT1.NT2.NT3INT*.NTS.NT6»NT7,NTS»NT'*.NT10 
COMMON /VALUES/F,G,

P
O,«SIGMA, 

R
J(2OO,, 

R
HO 

COMMON
/
CRSTS

/
DFLX(1QO>• DFLXN(100

,,
 RHOINTRATIO« EPSI» 

1 RSIG1. G1.    Xl(lB0), X2(l "    " """ 
2 PR2,plt F1» Rjl(200). DOTT. 
3 PREV3.ADEL*, MTCTR, NyMlNl, 
GO TO 'lo^O^O1 • NT5 
EPSIL«ABS<F/G-i.) 
IF (EPSIL-T"ETAO) 50,50,70 
IF (ABS(RSIGMA)-TMETAO) 

5
0.
5
0.7O 

IF (NuMINI.l) 50,40,40 
PEST*PR1-<PH1-P0'/(1.-1.'sOHT(RATIO1' 
EPSIL»ABS(PtST/G-l.) 
IF (£PSIL-THETAO) 50,70,70 
N2»l 
0° TO (flo,60), NT6 
CALL PUNCHS 
GO TO 80 
N2«2 
RETURN 
END 

005920 
005930 
005940 
005950 
005960 
005970 
005<,„0 
00s9p0 

006070 

ma 
006100 
006110 
006120 
006130 
006140 
006l50 
006160 

006180 

88^28 
006210 
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000003 

000003 

000003 

000003 
000003 

000003 
000011 

\i 
00002* 
000026 

OOOO3I 
000037 

000041 
000044 

00005) 
OOOO56 

000061 
000061 
000063 
OOO06* 
000065 

OOOO7I 
000072 

000073 
000076 
000101 

mm 
oooio5 

000113 

0001?Q 
000122 

00012* 
000125 
000133 
000136 
000141 

000U4 
000U6 
000155 

SURROUTlNE GRAnS(IS) 

OCTOBER 1970 

GHAO COMPUTES THE GRADIENT OF THE PENALTY FUNCTION AND THE OUTER 
PRODUCT FACTORS OF THE MATRIX OF SECOND PARTIALS OF P. 
IF  <IS»1> ACCUM. MATRIX OF ?N ?Nn„PARTIALS ,IE«IS»2) OONT 

,100,, A(T00,10b,,N,Mt MNtN NP^NM1 
• MAI . 

COMMON/SHARES/X(
T00

)T DEL 
COMMON /EQ*LS/H» HI» MZ 
COMMON   /OPTNSS/NTl»NT2»NT3tNT*»NT5.NT6»NT7.NTB»NT9tNTl0 
COMMON  /VALUES/F.G.PO.RSIGMA,   «J(200)t   HH0 
rOMMON/CRSTS'OELXMQQ)»   OFLXQdoo»'   »EQIN'RATIO»   EPSI»   THETAO» 

1   RSTG1.   G!» xl(iBB),   x2(100,,   x3(l00)f   XH2,l00),   XR1<10<>>.   PR!, 
2 PR2 

PREV 
•Pl» F*» Rjl(2ool» OOTT» pGR»D(l 
W3»*0EL*» NTCTRt NUMlNIt NPMASEi 

10 
GO TO (10«50)t IS 
0° 20 1,1,N 

00)» Dl*fi(l00>» 
NS*TIS 

20 
30 
40 

DO 20 J»i'! 
A<IJJ>«°. 
DO *0 t«l.N 
DELX0(t),0, 

C THIS SECTION WORKS CORRECTLY IN FEASIBILITY PHASF AS «ELL AS NORMAL PH 
GO TO <50»8Ü>» NT2 

50    DO 70 I»1»N „ 
DELXO(IJ,-KHO/X(I, 
GO TO löo'To'• IS 
A(I»I)«(-DELX0(I)/X(I)) eo 

7o 
PO 

CONT^UE 
UE 

IF 'M.LE.O
1
 GO TO 180 

DO l70 K«1»M 
CALL GR*OlS(Kl 
IF (RjOO.Ql.0.0) GO TO uo 

C ALL VIOLATEO CONSTRAINT  GRADS ADDED TO OBJ. FUNCTION 
DO 100 I.I.N 
IF (DEL<I>) '0.100»9O 

90    DELX0(I)aDELX0(I)-OEL(I) 
100   CONTINUE 

GO TO 170 
110   TT»RHO/Rj(K) 

C IF 
120 

00 160 l»l.N 
IF (PEL'I)) 12O»1

6
0«12Q 

DEL.I..0 SKIP ALL THE F°LLOWING C0MPUTATION INVOLVING # B¥ 0EL,I, 
T»TT*DEL(I) 
DELX°(Il.DEI.X"(I>-T 
GO TO <l3D.T6°», IS 

l30   T"T/RJ(K) , 
DO 150 jj»l»I 
IF (DEL(JJ)) 1*0|150.1*0 

140   A(I,JJ),A(I,JJ)*T»DEL(JJ) 
150   CONTINUE 
160   CONTINUE 
170   CONTINUE 
C  EQUALITY CHANGES FOR GRAD 
180   IF (MZ.LE.O) GO TO 250 

GO TO (250,*90,250,, NPHASE 
19O   R0«2./RH0 

006230 
006240 

006250 
006260 
006270 
0062fi0 

006370 
006380 
Q0639n 
006400 
006*10 
006420 
006430 
006440 
006*50 
006460 
006470 
006480 
006*9o 
006500 
006510 
006520 

006540 
006550 
006560 
006570 
006580 
006590 
006600 

8812*8 
006630 
006640 

006670 
006680 
006690 
006700 
006710 
006720 
006730 
006740 
006750 
006760 
006770 
0067Ro 
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000157 1)0 240 J=1,MZ 006790 
000161 K*M»j 00680 

000163 CALL GRAniStK) 
™° 6* TT«RQ»RJ(K> 00&820 
000H7        UO 230 1 = 1,N 00683n 
000171 IF (DELiIj.EQ.O.Oj GO T" ?30 006840 
000172 1>ELXO<I>=DELXO<I>*OEL<I>#TT 006850 
000175 G0 TO (200.Ü30,, IS OOfi^O 
000?0J ?00 T«RO«DEL(D 00<>B7o 
000206 1)0 2?o Jj.1,1 006880 
MIlliO ?10 IF (DEL(JJ,) 210'220«210 n96e90 000210 210 A(i,jj)«4(i,jj,*T«nEL(JJ> 006,00 
000?l6 220 CONTINUE 00*910 
000221 230 CONTINUE »» ™ 
000224 2*0 CONTINUE 006930 
000226 250 «0 TO (260.280). IS n0694n 
000?5« |60 00 27o 1=1,N 00«9sg 
000?36 270 DIAG(I)=A(I,I> 006960 
000246 280   G° TO ,290,330,290), NPHASE 006970 

C LEAVES NEGATIVE GRADIENT IN OELP 0069RO 
000255 ?90   00 300 1=1.N 00699n 
000?*7 300   OELXOID—OCLXniD 007000 
000263 310   AOELx.O. 007010 
000264 00 320 I"l«N 007020 
000266 320 AOELX=ADELX*OELXO(I)••2 007030 
000273 ADELX=SQRT(ADELX) 0070*0 000?75         RETURN OO7O5O 
m275 330   CALL GfiAoiS(O) 

l7l ,A    
u0 34° I«!«N 007070 

OOO^O2 3*0   r)ELXO(I)=-DtLXO(I)-nFL(I) 007o8o 
c LEAVES THE Nfre. GRAn oF P ,* nELxo 007090 

000307 GO TO 310 007100 
000307 END 007l 
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SUBROUTINE INVERX(NSME) 

OCTOBER 1970 

INVERS SOLVES THE SET OF EQUATIONS FOR THE MOVE-VECTOR USING THE 

CR0UT PROCEDURE» IF THE MATRIX IS NOT POSITIVE DEFINITE« » DIFFERENT 
METMOO IS USEO. 

000003 
000003 
000003 

000003 

000003 
000003 
000003 
000011 7-0 
000012 
00001* 30 
000015 

88831? ^8 
000021 
000022 60 
000030 70 

8888Ü 
OOOO35 
000036 
000041 80 
000051 90 
000054 
0000*0 
000064 100 
000066 

mw \\% 
00007* 
000076 

88818? 
000102 
00010* 
000107 130 
000117 1*0 
0001J2 

C»»»«PERF0RMIN6 A L"ll DECOMPOSITION OF THE MATRIX A, TAKING ADVANAGE OF 
C*«**THfc SYMMETRY OF THE A MATRlX. 
C»»**IF A NON-POSlTjVE PIVOT CANDIDATE IS GtNERATED. THEN MCCORMICK.S 
C*»#,PHOCEDURE IS USFDISEE PP. 10?_I68 JN FI*CCO *ND MCCORMICK». 
C 
C*»*«IF NSME "1 WORKING WITH A NEW A MATRIX«  IF NSME" 2 USING PREVIOUS 
C*»»»A MATRIX. RUT HAVE A NEW RIGHT-HAND-SIDE. 

C#»««NINV IS THE NUMflER °F NON.POSITIVE PIV°T CANDIDATES GENERATED, 
COMMON'SHARES'X'IOO'' DEL<100>* A <10oM0O> »N'M» MN»NPl»NMl 
COMMON /OPTNSS/NTl.NT2,NT3»NT4iNT5iNT6tNT7.NTfl.NT<J.NTl0 
COMMON/CRSTi/OFLXdOO). DELXOfiOO). RHOIN.RATiO. EPSl. THETAO» 

1 «SIG1, Gl,    Xl(lOO), X2(100), X3(100), xR2(100). x"l(100), PRl, 
2 PR2»P1« Fl» Rjl'200'» DOTT» PGRAO'lOO'* DIAG'lOO'* 
3 PREV3.ADELX. NTcTR. NUMINI. NPHASE« NSATIS 
COMMON/EXPOfX / NEXOPl. NEX0P2. XEP1. X£P2 

0IMENSIDN B(100) 
EQUIVALENCE <8»DELX> 
GO TO(20, 170), NSME 
NINVSO 
IF (A(l,l)) *0,30.50 
NINV«1 
GO TO 70 
NINVBJ 

A(*tl)«*,/A(l|l) 
DO 60 I«2»N 
4(1,I|.»|1,1|»»|1,1) 
DO 160 J"2»N 
JMi«J-i 
T-Ö. 
DO 9° I«1.JM1 
IF (A(I»j)) 80,90.80 
TeT,A(J.I)»A(I,J) 
CONTINUE 
A(J.J)»A(J.J)-T 
IF   (A(j,j))    llo.100.120 
NjNy.NjN^j 
GO   TO   17o 
NINV«NINV*1 
A(J.J)al./A(JtJ) 
IF   (J.EQ.N)   GO   TO   170 
JP1«J»1 
DO   150   L«JP1'N 
T»0. 
DO   UO   i«l,JMJ 
TF    <A<l.j>)    130»1*0.130 
T.T«A(L,I)»A(I,J, 
CONTINUE 
A(L.J)"A(L.J>-T 

OO7I30 
007140 
007150 
007160 
007170 
OOTlBo 
007190 
007200 
007210 
0072?0 
00723o 
007240 
007250 
007260 
0072?o 
007280 

007360 
007370 
007380 
00*390 
007400 
007410 
007420 

88JHB 
007*50 

007*60 
007*7o 

88#"8 
007500 
0075lo 
007520 
007530 
007540 
007550 
007560 
007570 

287583 007590 
0076oo 
007610 

887<|8 
007640 
007650 
007660 
007670 
007680 
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000127 A(J.L)**(LtJ)»*(JtJ) 
000'36 150 CONTINUE 

CONTINUE 00014(1 160 
000142 170 CONTINUE 
000142 
0001** 

IK (MNV) iao»i*o«29o 
löO B(1)«H(1)»A(1,1) 

n° 210 J*2,N 0001A6 
000147 T«0. 
OOOI5O JMlaJ-1 
OOOI52 „0 200 I.I.JMI 
0001*3 IF (Alj.j)) 19o.2oOtl90 
000156 190 T«T*A(J,I)«Ö(I) 
000164 200 CONTINUE 
000167 
00017* 

B<J)«(8(J)-T)»»(J.J) 
210 CONTINUE 

DO 240 I.1.NM1 000177 
000200 NMKiN-I 
000202 DO 230 j.1,1 
000?03 L*NP1-J 
000205 IF (A(NMK,L)) 220,230,220 

nmi S§8 B(NMK)«B(NMK)-A<NMK»l)»B<L> 
CONTINUE 

000221 240 CONTINUE 
000223 
000?31 

S50 SO TO <280»260>» NT3 
260 WHITE (S,*J0) 260 CONTINUE 

000?35 WHITF (6,420) <DELX0<I>.I»1»N) 
000?50 27o WHITE (6,**0) 270 CONTINUE 
000?5* WHITE <6,*?0) (DELX(I),I«1,N) 
000?67 2BÖ RETURN 

cOMPuTE ORTH°GO
N
AL 

M
OVE C — 

000270 290 CONTINUE 
000270 
000?73 

DO 350 11 = 1•N 
I*N-II»1 

000276 IF (A(I,I() 310,300,320 
000302 300 H<I»»0.0 
000304 60 TO 350 

888^8^ 310 B(I)»1 . Q 
GO TO 33° 

mm 358 B(I)«0.0 

000313 IF 'IP^GT.N) GO TO 550 
000316 DO 340 j.jp'.M 
000317 3*0 

CONTINUE 000331 350 
00033* GO TO 360 

C— CHECK M4YBF nO OIFF FOR P.S.D. 
OOO334 36« ZC2-0.0 

DO 37° I«1,N OOO335 

000337 "o ZC2»ZC2*oELx0(i)»6(i) 
0003** IF <zC2) 380,400,400 
000345 380 DO 390 I"1»N 
000347 390 B(I)»-B<I) 
000353 400 WHITE (6,450) 

C MCC ZANGWIIL  ONE MOO 
000357 IF (»"Ex0P2,NE,?) G° TO 250 
000362 DO 410 K»1»N 

mm 410 B(K)«B(K)*OtLXo(K) 
GO TO 250 

007690 
007T00 
007710 
007720 
007730 
007740 
007750 
007760 
OO777O 
0077B0 
007790 
007800 
0078J0 
007820 
0078^0 
007840 
007850 
007860 
00787o 
007880 
QQ7B9n 
ÖÖ79OO 

007910 
007920 

007970 
007980 
007990 
008000 
008010 
008020 

885838 
88|8I8 
oOgOaO 
OOQOQO 
008100 

OOPll0 
008120 
008130 

Km 
00elft0 
00817o 
00818Q 
008190 
008200 

008220 
008230 
008240 

mm 
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c 
OOoYA        118        F0RM4T   «7H7.8) 00B270 

000371 END c' 008310 
0083?o 
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000002 
ooooo2 

000002 

00000? 
000003 
00000* 

88688t 
000010 
000011 
000016 
000017 
000021 
000025 

8888Ü 
000030 
OOOO3I 
000032 
000036 
OOOO37 
0000*6 
000042 

OOOO*3 

000050 

OOOO5I 
0000^0 
000062 
000063 
000064 

8888*2 
000070 
000073 

000075 
000101 
000102 

000103 
000105 

000111 
000112 

sin; 

SUBROUTINE OPTS 

MARCH 1971 

OPT LOOKS FOR « MINIMUM ALONG THE SEARCH VECTOR USING THE GOLDEN 
SECTION SEARCH METHOD. 

COMMON/SHA"tS/X(100), 0EL<10°)i 4(100.100).N.M. MN.NPl.NMl 
COMMON /VAiUES/F.G'POtRSlGM*» Rjl^OO)» RHO 
COMMO^cRSTS/OELxilOOj, OEUXO(IOO), RHOlNfRATlO, EPSI, TMETAO, 

1 RSIG1« Gl»    Xi^OO'« X2<100>» XS'lOO1' XR2<100'' XRlllOO1» PRl • 
2 PR2.P1. Fl« RJK200), oOTTf PGRAD«N>0), DUG(IOO). 
3 PREV

3.A0ELX, NTCTR. NUMINI» NPH*SE» NSATIS 
KSW-1 

^405.1 
P31»P0 
IStt»i 
OOTT»<>. 
00 1° J»1.N 

10   OOTT«0OTT*DELX(J)«OELXO(J) 
TO *0 

20 
30 
40 

08   3!   I.l.N 
<I'"-DEL DELX<I>»-DELX<I> 

CONTINUE 
N«o*"0, 
MN«MN»1 

C MN IS NOW NUMB. OF POINTS AFTER MJN ACHIEVED 
NTcTR»NTrTR*l 
00 50 i.I,N 

=0    X2(I)«X(I) 
px;?p2 

6°    N*
01»N*01*1 

DO 7° T«1,N 
70    X<I)«X2<I)*OELX(I) 

CALL EVALUS 
C 1 MEANS SATIS'OF CONSTRAINT NT'PREV« 2MEANS NOCHANGE 3MEANS VIOLATION 
C IF POINT IS NOT FEASIBLE GIVE IT AN ARBRITRARILY HIGH VALUE 

GO TO <5*0,9<).n0), NSATIS 
PX2-10.E35 
P0»10.E35 
GO TO 100 
CONTINUE 
PX2»Po 
IP (pxl-px2) 100,100,150 
IF (N*0l-2) l30.H0,U0 
DO 120 l«l.N 

BO 

90 

100 
110 
120 Xl(I)-X(I) 

P1-PX2 
GO TO 430 

C ONLY ONE  POINT 
130   DO 140 I.l.N 
1*0   Ä3 fI>"S2 CI» 

PREVS.PXI 

GO TO 18o 
150  D§ 160 £"1»N 

x3(i)«x2(i> 
X2(I)"X(l> 

SO FAR COMPUTED 

008340 
008350 
008360 
008370 
008380 

008*50 
008460 
008470 

848B 

ii 
008510 
00 

84o' 

5l( 
00852o 

008530 

8?88555°0 

KIW 
0085fl0 

Kill 
22863£ 
008650 

0086fe0 

008680 
008690 
OO07OO 
0087io 
008720 
008730 
008740 «o 
008770 
008700 
008790 
008800 
008610 
008820 
008B30 
0088*0 
008850 
008860 
008870 
ng88flg 
ÖÖ889" 
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000120 
00012* 
000l?6 
OOOI27 

0001?7 
000131 
000132 

O0013* 
0 00140 
000141 
000143 
000150 
000153 
000154 

»12 

000166 
000172 
00017* 
000203 
000205 
000213 

000214 
000?16 

000217 

000211 
000«3 

mm 
000227 

000231 

000232 
000234 
000?35 

000244 
000245 

888112 
000257 
000261 
000?63 
000264 
000267 
000271 
000276 

000301 
000201 
000306 

160   DfcLX(I)=1.6lfl03399»OELX(I) 
PHFV3=PXl 
PXl=PX2 
GO TO 6° 

C GOLDEN SECTION SEARCH METHOD. 
C P. VECTOR  GOES TO Xl (I) 
I7O   pO,l,E36 

N404»N404«1 
DO IqO 1=1.N 180 

190 XI(I)»X<i) 
PLP0 
DO 200 1=1,N 
X(I)«.38i96601,(Xl(I)-X3(I))*X3(I) 
X2(l)=x(l) 
CALL EVALUS 
GO TO <540.270.2lO>. NSATIS 
IF (N404.LT.30) GO TO 170 
CONTINUE 

C TMEHE IS NO REFERENCE TO 21\,   THE ABOVE STATEMENT IS A DUMMY STATEMENT 
C--IT IS POSSIBLE NQ FEASIBLE PQINT EXiSTt IF NOT TRY MOVING ON DEL*0. 

200 

El! 

C— 
C~ 

220 

230 
240 
250 

IBLF NO FEASIBLE POINT £> 
IF IT IS NOT POSSIBLE TO MOVE ON DELX° THEN WE MUST BE AT A 
SOLUTION OF NLP PROBLEM. 
IF (N404.GT.100) GO TO 2*0 
DO 230 i.l.M 
IF (ABS(ABS(X3(i)/Xl<I)1-1.).GT.I.E-7» GO TO 170 
CONTINUE 
GO TO (250«260' » N405 
N4p5»2 

c — TRY TO MOVE ON GRADIENT. 
NTcTR»NTcTR-l 
MN«MN-1 
GO TO 2° 

260 CONTINUE L26£_ WRITE (6.5fl0>I 
CALL TIMECS 
CALL OUTPUX(i) 
CALL  REJEC* 
STOP 22042 

C 
270 CONTINUE 

N404»0 
pxl-pö 
DO 2fl° I^'.N 

28o   X(i)=0.3"l,'6601«(Xl(i)-x2(I))*x2(!) 
CALL EVALUS 
GO TO '540.290.220'. NSATIS 

290   PX2?P0 
N4&13I 

300   N401,N40l.l 
IF (N401.25) 340,310,310 

3l0   KSW«2 
IF (N401.40) 320.460,460 

320   DO 330 I«1«N 
IF (ABS(X2(I)/X<I)-1.0>.GE.l.E-7) GO To 340 

330   CONTINUE 
60 TO 460 

340   IF (ABS(PXl/PX2-l.).LE.l.E-7) 60 TO 460 
IF   (pxl-px?)   350,460,400 

C   FHOM   LEFTORIGHT     X3 (I) (PREV3) x2 (I) (PXl) X (I) PX2   XKPPl 

OOB900 
008910 
00fl920 
008,30 

008940 
00R9=,0 
0089ftO 
00 
00 
8971 

R98( 

008990 
009000 
009010 
009020 
009030 

009050 

mm 
009071 
009080 
009090 
009100 
OO9IIO 
oo9i?o 
009l3o 
009140 
009150 

OOqlpO 
009lq0 
00,200 

009250 
009260 
009270 

liXI 
009300 

00'310 

009330 

881^8 
009360 
009370 
0093«o 
009390 
009400 
009410 
009*70 

009430 
009440 
009450 
00***0 
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000310 
000312 

000116 
000317 

0003?1 

000330 
000331 
000340 
000340 

000342 
00Ö343 
000344 

000346 
000347 
000353 

000353 
OOO^Sfc 
000360 

mm 
000367 
OOO37O 
000372 
000401 
000402 
000411 

sum 
000413 
000*15 

000417 
000422 
000424 
000425 
000*33 
000441 
000447 
000452 

000453 

000453 
000454 

mm 
000462 
000*6* 
000**6 
000471 
000472 

350   DU 360 Ixl,N 
360   XICl)»x <I) 
c TMHOW AWAY RIGHT PART 

P1«PX2 
00 370 Ial,N 

C POINTXPI BECOME* Xp2 
370   X(I)».38l96O01«(XKI)-X3(I) )*X3(I) 
C TEMPORARILY IN  X STORAGE 

CALL EVALUS 
GO TO '540»380,170», NSATlS 

38o   CONTINUE 
PX?«PXl 

c SWITCH VECTORS TO PROPER POSITION 
PXl-PO 
00 3qO IB1,N 
XXxx2(]) 

x2(J)«X(I) 
X<l'»XX 
GU TO 300 

C LEFT SIDE  TOSSED  AWAY 
C— CHANGES FOR NONUNIMODAL FN 
C« GO TO THROW A-AY RIGHT IN THIS CASEINIT VAL LT FIB HT 

IF (PREV3-PX2) 350,350,410 
DO *20 I«1,N 
X3(lj«x2(l) 
X2(I'»X <l' 
PRFV3«PX1 
PX'«PX2 
DO **0 I.1,N 

381966 

390 

400 
*10 

♦ 20 

430 
**« X(T).0.

3
81966O1.,X1(I).X2(I),«X2(J) 

CALL EVALUS 
GO TO '540,*50,170' • NSATlS 
CONTINUE 
PX2-P0 
GO TO 300 

C THE INTERIOR POINTS NOW GIVE EQUAL VALUE FOR P. COMPUTE MIDPOINT, 
DO 470 I«1,N 
DELXOd)aX(I) 
X(I)«(DELX0(I)«X2(I))»0,5 
CONTINUE 
CALL EVALUS 
GO TO (480,490)t KSW 
IF <ABS(P0/PX1-1,),GT.1.E-7» GO TO 5?0 
GO TO (500,510), iSw 
IF (P0.LT.P3l' 60 TO 510 
ISW.2 

C IF P-FUNCTION DlON.T  GO DOWN TRY NEG VEcT. 
GO TQ 2o 
RETUPN 

DO 530 I"ltN 

450 

460 

♦TO 

*8o 
490 
500 

510 
520 
530 

C ARE 
540 

55„ 

X(I)«DELX0(I> 
GO TO 350 
WE NOW IN FEASIBILITY PHASE 

DO 550 Ial.M 
|F <Rj(|)) 560,5'0.550 
CONTINUE 
NSATIS,4 

RETURN 

009470 
0094RO 
OO949O 
009500 
00,510 
00952n 
009530 
0095*0 

009560 
009570 

USi;. 
009600 
009610 
00962o 
009630 
009640 
009650 
009660 
009670 
0096R0 
OO96QO 
0097oo 
009710 

009738 
OO974O 
OO975O 
00'760 

009780 
009790 

M;:M 
009820 
009830 
0098*0 
009850 
009860 

009880 
009890 
009900 
009910 
009920 
OO993O 

00'9*0 
009950 
009960 

0O99BO 

009990 
010000 
OlOOlO 
010020 
010030 
010040 
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C  PROBLEM HAS BECOME FFASIBLE 010050 
C    P - FUNCTION CHANGES IF A CONSTRAINT BECOMES FEASIBLE OlOOfiO 

OO0A72   560 MN.0 OIOO7O 
000473 oo 57° I.l.M oiooBn 
000*T5   570 Rjl m.RjU) OlOO^O 
000501 HETl)RN 010100 

C 010110 
000501   580 FORMAT < BOH  OPT CAN*T FIND A FEASIBLE POINT,THAT GIVES A LOWFR V  0101?0 
. .  , lALUE OF THE P-FUNCTION.         ) 010130 
000501 END 0101*0 
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SUBROUTINE OUTPUX (K) 
c 010160 
c OCTOBER 1970 010170 
c OIOIRO 
C OUTPUT PRINTS OUT INFORMATION ON THE RESULTS OF FACH ITERATION AND THE 010190 
C SOLUTION ESTIMATES ANO THE ESTIMATES OF THE LAGRANGE MULTIPLIERS 010200 

000003 
000003 

COMMON/SHARES/X<100>, OEL(IOO)« A(100«100)»N.M. MN.NPj.NMi 
COMMON /FQALS/M« H1» MZ 
COMMON /OPTNSS/'

,
'T1,

N
T?,NT3,'

,
<T4,NT5,

N
T6,

N
T7,

N
TR,

N
T9,NTIO 000003 

000003 COMMON /VAI_UES/F,G,PO»RSIGMA, RJI200), RHO 
000003 COMMON/CRSTS/DELX(100)1 DELXodOO»» RHOIN,RATIO, fcPSI» THETAo» 

1 BSIG1» G1»    Xl(lOO), X?(l00», X3(100>» XR2(1001« XRKIOO), PRl, 
2 P"2,pl, Fl, "jl(200), D°TT, PG«AO(100), DIAG(IOO), 
3 PREV3»A0ELX« NTCTR» NUMINI» NPHASE' NSATIS 

000003 
OOOOO5 

NZ»M*MZ 010290 
OIO3OO GO TO (10,20), K 

OOOOl3 10 "BITE (6,60)            _ . 010310 
000017 «rtlTE (6,70) N

TCTR,0°TT,RH°,ADELX,NPHASE 010320 

mm 20 WHITE (6«8Q> F'Po'G'RSIGMA'H 
WRITE <6,9°) (X(1)tI«»,N> 818328 

000066 WBTTF <*,110) 
G° T° |30,A0), NT2 

010350 
000072 010360 
000101 30 WRITE '6,120' 010370 
000105 
0001*0 

WRITE (6.100) (RJ(I),I«1«NZ) 
GO TO 50 
wHlTE (6,100) ("Jili.l.l.^l 

010380 
01039o 

000122 40 010400 
000135 50 RETURN 010*10 

C 010420 
000136 60 010430 

000136 70 FORMAT <10X,6HPOINT«H.6X,6H D0TT"El5»7t6X,*HRH0»fcl5.7»6X,10HMAGNI 
1TUOE"E1

5
.*,

9
X,6HPMASE"I

2
> 

010440 
010**0 

000136 80 F°RMAT (8X,2HF,E15,7,5X,2HP»E15,7,5X,2HG«E15,7,5X,7HPSIGMA«E15.7,5 
1X«2HH»E15.7' 

010460 

8M28 000136 90 FORMAT (6X.25HTHE CURRENT VALUE OF X IS/(6E20.7)) 
000'36 loo FORMAT (6E*0.

7
> 

F
ö
"
M
AT I6X,21HTHE C0NSTRAINT VALUES) 

OlO*9o 
000136 110 010500 

m\it 120 FORMAT <28X'3*HN0T INCLUDING THE NON-NEGATIVITIES* 
END 

010510 

SUBROUTINE OUTPUX (K) 

9999      CONTINUE 

RETURN 
END 
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000002 
000002 
000002 
00000? 
ooono2 

000002 

000003 

000004 
000012 

000014 
0000?* 

000033 
000034 
000036 

000040 
000042 
000047 

888819 

000056 
000056 
0000*0 
000067 

000071 

mm 
000101 
000103 
000105 
OOOHl 
000113 
000120 
000121 

SUBROUTINE PEVALX 

OCTOBER 1970 

PEVALU COMPUTES THf VALUE OF THE PENALTY FUNCTION AND THE VALUE OF THE 
DUAL USING PREVIOUSLY COMPUTED VALUES FOR Ft AND RJ. 

CQMMQN/SH*RES/X<100)» OELdOOlt A(IOOtlOO)tNiMt MN»NP1*NM1 
COMMON /EQALS/H, HI, MZ 
COMMON /OPTNSS^NTl«NT2»NT3»NT4»NT5»NT6«NT7»NT8»NT9»NTio 
COMMON /VALUES/F.G,PotRSIGMA» RJ(?00)' RHO 
COMMON/CRSTS/DELX<100), DELXOdOO), RMOIN»R*TlO» EPSI, THETAO» 

1 RSI61, Gl.    Xl(lOO), X2<100), X3(100), x«?(100>, xRl(lOO), pRl, 
2 PR2«P1* Fl» Rjl'200'« DOTTi PGRAO'lOO'* DIAO'lOO'» 
3 PREVsiAOELX. NTCTR, NUMINI, NPHASE» NSATIS 
H"0.0 
RSlGMA.0,0 

c NONNEGS IF INCLUDED ARE ADDED TO P—ARE POS. IN ALL PHASES 
GO TO (10,30), NT2 

10    DO 20 I»1»N 
20    PSIGMA."SIGMA.RHO»AL0G(X(I)> 
30    GO TO (4o»50M50)' NPHASE 
C OBJECTIVE FUNCTION   - SIGMA VIOL. CONSTS. 
40    F"0,0 
5°    IF (M) 100,100,60 
60    DO 9o J»1.M 

IF (RJ(J() 80,«0,70 
RSIGMA»RSlGMA-RHO#ALOG(RJ(J> > 
GO TO 9° 
F»F-RJ(J) 
CONTINUE 

C EQUALITIES NOT A00ED IN FEAS, PHASE 
100   CONTINUE 

70 

28 

no 
120 

130 

140 

150 

IE i»Z)    I40il40»110 
GO TO (1*0,120,1=0), NPH*SE 
DO 130 I«1,MZ 
K.M. I 
H«H»RJ(K),#2 
H«H/RHO 
HS»H*RSIOMA 

P°»F*HS 
HMS«2.»H-RHO«FLOAT(M) 

?"F*WT2,E0,1) G.G-RHO#FL
0
AT(

N
, 

RETURN 
END 

010540 
010550 
010560 
010570 
0105ßO 

Ol067o 
010680 
010690 
OIO7OO 
010710 
010720 

mm 
010750 
01076" 
0l077o 
010780 
010790 
OlOgOO 

818^8 
010830 
010840 
010850 
OlO**0 
010870 
010880 

818^28 
010,10 
oio9?o 
010,30 

fll09*0 
010950 
010960 
010970 
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000002 

000002 

ooooo? 
000002 
000002 

SURROUTINE PUNCHS 

OCTOBER 1970 

THIS SUBROUTINE PUNCHES THE STOPPING POINTS AND ASSOCIATED PARAMETERS 
SO THAT ANOTHER RUN MAY RE MADE STARTING WHERE THE CURRENT ONE 
STOPPEO 
THIS ROUTINE IS CALLED IF NT6«g. 

COMMON/SHARES/X(100), OEL(lD0)» A<100»100)tN.M« MN.NPl.NM» 
COMMON /EQALS/M» Hit MZ 
COMMON /OPTNSS/NTliNT2,NT3tNT*tNT5tNT6»NTf|NT8tNT»»NTl0 
CÖMMÖN /VALÜES/F.G.PO,"SIGMA, «J,200>, «HO 
COMMON>'CRSTS/OELX(100',   OELXoUOO*'   RHOIN'RATIO»   EPS!»   THETAo» 

1   RSlGl«   Gl' MHOOI.   X?<100>.   X3(l00)i   XR?<100>>   XRKIOOU   PRlt 
'■   PR?,pl.   F1»   Rjl(200>*   OOTTt   PGR*D( lo6) t   OI*G< 100) » 

010990 
011000 
011010 
011020 
011030 
011040 
011050 

M 
000002 

888885 
000027 
000030 

000043 
00007? 
000103 

000113 
C 

000114   10 

88811t    §8 
000114 

3 P»EV3.AOELX, nTCTR, NU*i*l, NPHASE, "SATIS 
COMMON'EXPOPX '   NEXOPl» NEXOPj« XEPlt XEPg 
T«ft0.0  ___^  

IWRITF    (7,'°)   FPSnRMO»THFTAutRATlQ.T.M.NtM2| 
TMMAX.JS   SET   TO   60.   SECONDS 

NTl.3       
lwRITE (7.20) (X(I).I»1.Nil 

SET  RHO OPTION SO THIS VALUE OF RHQ WILL BE USE FOR THE RESTART. 
WHITE (7,30) NTl,NT2.NT3.NT4tNT5tNT6,NT7tNT8,NT9.NT10 
WRJTE (

7
.2O) XpPl. XpP? 

WRlTF (7t30) MFXQP1.NFXQP2 
RETU«N 

FORMAT <5E12«5,3IA) 
FORMAT (6E12.5) 
FORMAT (l°l7) 
ENO 

011150 

0111*0 
011190 

011200 

011240 
011250 
011260 

%\\\\% 
0112,0 
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SUBROUTINE REJECX 

C 011310 
c                    OCTOBER I<JTO OIISPO 
C 011330 
C REJECT RETURNS THE STORED VALUES OE THE OBJECTIVE FUNCTION, THE 011340 
C CONSTRAINT FUNCTIONS AND THE PENALTY FUNCTION TO TMEI* NORMAL LOCATION  0113SO 

000002 COMMON/SHARES/X(100), DEL(IOO), A(100t100)tNtMt MNtNPltNMl 
00000* COMMON /EO*LS/H# Hit MZ 
00000? CQMMQN /V«LuES/F»G»P0,RSI6H*t Rj(200)t RHO 
000002        C°MM0N/CRSTS/DELX(100), OELXO(lOO), «HOIN.RATIO, EPSI, THETAO, 

1 RSIG1» Gl»    XI (100' • XzllOO1« X^tlOO»» XR2<100'' XR1<100>» PBl» 
2 PR2,P1, Fit Rjl(200)t oOTT, PGRAO(100)t DlAGIlOOIt 
3 PREV3tAoEL*t NTCTRt NUMINIt NPHASFt NS»TlS 

000002                      DO   10   l«l»N 0H*30 
00000*        10          X(I).XKI) 011**0 
000010                     MMZ«M»MZ 011*50 
000012 Do  20  j.l.MMZ 01U60 
000013 20 Rj(J)«RJl<J> 011*70 
000017 P0»P1 011*80 
000020                       RSIGMA.RSIGl 011*90 

888RÜ       ;:;i mm 
000025         H=H1 011520 
oooo?6      RETURN 011530 

000027         END 011540 
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000002 
00000? 
000002 
000002 

000002 

888811 
OOOOl6 

000020 
000021 
000022 

000024 
000025 

«5 
00003* 
000036 

000040 
000042 

in 
OOOO55 
0000;6 
000057 
00006? 
000067 
000071 

000072 
000073 

000074 
000075 

OOOO77 
000100 
000102 

000111 
000113 

mm 
000122 

00012* 
000130 
000136 

i8 
30 
♦ 0 
50 
60 
C 

80 

90 

100 

C  3 
110 
120 

130 
C 

140 

150 

l6o 

170 

SUBROUTINE RHOCOX 

OCTOBER 1970 

SUBROUTINE  TO COMPUTE INITIAL RHO VALUE 
CONTROLLED  BY  COL. 7  ON OPTION CARD 
COMMON/SHARES/X(100), OEL(100), 4 (100.100) ,N,MI MN.NPl.NMl 
COMMON /OPTNSS/NTltNT2»NT3.NT4»NT'»NT6»NTT.NT8»NT'»NT10 
COMMON /VALUES/F.G.PO,"SIGMA, «J,200)t 

R
HO 

)• RMOIN»R»TlO» EPSI» 1 . 
X3(100), XR2(100), XRl(lOO), PRI, 

COMMON/CRSTS/OFLX(lnnj» DELXn(loo>' RMOIN»R/kTlO» EPSI» THETAO» 
1 RSIG1» G1»    Xl(IOO), x2(100j, 
2 PR2.P1. F*. Rjl(200). OOTT. PGRAD(IOO), Dl*G<100>. 

WTCTR. NUMINL WHASE. 
NSATlS 3 ^EVS.AOELX, NTCTR, NuMlNj, 

GO TO 'llO'SO'lOM^o' • NTi 
RM0"RH0IN 
IF (RHO) 30,30,40 

«ETURN 

NPARl"l 
RHOBJ. 

2 MEANS RHO WHICH 
CALL GRApS(^) 
DO 70 I»1,N 
PGR»D(I>»DEL

X
O(I) 

RHO»2. 
CALL GRAnS<2> 
00 8° I"1.N 
OELXO(I)»DELXO(I)-PGRAD11) 
pGRA0(I).PG^AD(I)-OELXO(I) 
GO TO (90M30) • NPAR1 
DOT1-». 
DOT2-0. 
00 100 i.l.N 

MINIMIZES GRADIENT  M*G< 

OOTlaDOTl»DtLX0(l>«PgRAo(I> 
D0T

Z
«00T2«0ELX0(|)««2 

G° TO jo 
MEANS COMPUTE RHO SO AS TO MINIMIZE DEL P"ODP'l.'DEL P 
NPAR2-1 

RHO^ABSIDOT'/OOT 

ELX0(t)< 
»/DOT2» 

NPAR1»2 

USE  OF 
GO TO 60 
RHO"i. 
ASSUME 
CALL SECORX 
00 1*0 I-l.N 
DELX{I)B

pGRAD(I, 
CALL INVEBX (1) 
00 »5» IaltN 
X1(I>"DELX(I> 
DELX(I).OELXOd) 
CALL SECORX (?) 
CALL INVERX (1) 
00 M I-l.N 
XR2(I)»0ELX(I) 
GO TO (170,200), 
D0T1"0. 

ANO OR  SUBROUTINE 

SIGMA TERM IS CONSIO. GR
T
E
R
 THAN 

(2) 
F TERM 

0US60 
011570 
011580 
011590 
011600 

NPAR2 

0116R0 

mm 
011*10 
011720 
011730 

mm 
011770 

810 
OllglO 

011020 
011830 

1HS8 
011860 
011670 
011BR0 
011890 
OH90O 
011910 

mm 
011o*0 
0119sO 

011960 

BH5« 
012000 
012010 

012030 

012040 
012050 

0120„0 

012090 
012100 
012110 
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I37> O0T2«0. .,„,. 

0001*1 ogTi«ooTi*P(,RAn(i)»xi(i) m?!*« 
000144 180        u0T2.D0T2,r)ELX0,I).X''2(I, Q   ,|° 
000151 RMO«SQRT(AHS(0nTl/0OT?)) nisi*« 
000156 G0   TO  20 Jlfj^ 
0001*6 190        NHAH,», . 

C RHO   MINIMIZES      2N0   ORDCR   MOVr 81?Lrt 
0O0„7 G0   TO   120 0,;J$; 
0001*0 ioo  S.o'o™""- SUH' T0 C0M /ünP/-1 ÜF ANn /DDP/- 0R 5.12210 
0001*2        go 210 MtN 5}gJJ 
000163 0QTl»Xl(I)»»2»noTl ol22Sn 
000166 210   D0T2,xl(n»AR2,I,+oOT2 ni„*n 
Q0Q172 RM0«»8S<D0T1'D0T2> 01??7n 
00öi75        G0 TO 20 Jllflg 
000175        END 01??9o 
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000003 
000003 
000003 

000003 
0O0O03 

000003 
000O05 
ooono6 
000017 

ooon?4 
0000?6 
0000?7 
000033 
000037 
OOOO*5 

0000*7 
000060 

0000ft3 

000065 

W 
00007* 
000075 
000100 
000101 
00010? 
000110 
000113 
000116 

000121 
0001?3 

000132 
00013* 
00013$ 
OOOUO 
0001*1 
0001** 
000145 

I» 
000152 
000160 

C 
c 
c 
c 
c 
c 
c- 

SUBROUTlNE SECORX(IS) 

OCTOBER 1970 

SECORD EVALUATES THE MATRIX OF SECOND PARTIAUS OF THE PENALTY 
FUNCTION. 

(1) MEANS DONT   COMPUTF GRAn. OUTER PRODUCT(IN SECORD) 
COMMON/SHARES/X<100>t OFL(ioo)t A(100,100),N,M, MN,NPl»NMl 
COMMON /EQALS/H» H!« MZ 
COMMON /OPTNSS/NT1»NT2»NT3,NT*«NT5»NT6»NT7,NT8INT,

'»NT10 
C0MMöN /VALUES/F,G,

P
O,RSIGMA, Rj(200)t RHO 

COMMON/CRSTS'DELXMQQ)»   DFLXQdoo"   RHOIN»RATIO«   EPSI«   THFTAn» 
1 RSIG1. G

1
»    Xl<i»8), x2(100,rx3(100,, XH2,I00,f XRI(100), PR!, 

2 PR2,P1, pi, R,l(200), OOTT, PGRAD(IOO). Dl*G(100)t 
3 pREV3,A0ELX, NTCTR, NuMlNl, NPHASE, NSATIS 
no 10 I«I»N 

10 

CGRAO. 
20 

JO 

50 
60 

70 

HO 

90 
100 
no 
120 

no 10 J»I«N 
A( •J «0, 
GO TO (230,20) IS 

TERM NOT   P«EV COMPI ITED 
1)0 3° ?0 

I«1»N 
no J«1.I 
A«: iJ) ■ 0.0 
CONTINUE 
GO TO U0'60> » NT2 
UO 30 I»liN 
A(I,I).fiH°/X(I)»,2 
CONTINUE 
IF i!«,LE.0l GO TO 130 
DO ,2° IN^.M 
IF <RJ<IN>> ,zn,12o,7o 
CALL GBAOlS(IN) 
TT ■ RH0/RJ<IN',*2 
DO 110 I»»,N 
IF (DEL<I>> 80,110,80 
T,TT,DEL(I) 
DO 100 J'l'I 
IF (DEL(J)) 90,loo*^0 
A(i,j)»A(I,j)«T«DEL(j> 
CONTINUE 
CONTINUE 
CONTINUE 

C EQUALITY  CONSTRAINTS 
130 
1*0 
150 

160 

170 
180 

IF (MZ) 210,210,140 
GO TO (2l0.150,230) 
«Q»2./«M0 
DO 200 JJ"1»MZ 
INaM»JJ 
CALL GRADJS(IN) 
00 I90 I«1,N 
IF <DEL<I>> 160,1*0,1*0 
T,RO«DEL(I) 
DO 180 J»1'I 
IF (DEL(J)) I7",l8",l70 
A,U«.J>»A<I«J'*T»OEL<J> 
C°NTlNuE 

NPHASE 

012310 
012320 
01P310 
012340 
01235" 
012360 
012370 

012460 

012*«0 
012490 
012500 
012510 
Ol?5?o 
012530 
012540 
012550 
01?5*o 
012570 
0125«0 

81Ü38 
0l?610 

0l2'50 

012660 
012670 
0126*0 
Ol"6<)o 
012700 
012710 
012720 
012730 
012740 
0l2750 
012760 
012770 
0127R0 

012800 
Ol?8io 
0128?0 

81S228 
0l2850 
01286O 
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0001A3 
000166 
000170 
000172 
000176 

mm 
ooo?u 
000?l5 

mm 
000??4 
000227 

m?30 
?32 

000233 
000236 

88B& 
00025* 
000?56 

0002*2 
000270 
000270 
000?73 
00027* 
000276 

888^ 
0003l2 
000315 
000322 
00032* 
0003?7 
000335 
000340 
0003*3 
000346 
000346 
000355 

.
S
T" J6» 

0003*2 
00036* 

8883!? 
000373 
000376 
000377 
000401 
000*02 
000*0' 
000415 
000420 
000423 

190 CONTINUE 
200 CONTINUE 
210   DO 220 I»1.N 

0I*6(D>A(lil) 
220   A{I,T)a0 
C  «EADY N0W FOR M4TBlx °F 2N0 PARTIALS OF HESTRAI

N
TS 

230   GO TO (240'510»520)' NTlO 

33Ö 
GO TO 3*° IF 

DO JJ" IN« 
-. LORN«2 

C C^STHAI^T ASSUMED N°*LINEAR 
CALL MATRXX (IN'LORN) 
IF (LORN.LTt2) GO TO 330 
IF IRJ(IN) .GT. 0.°) 60 TO 2«.0 
00 26° I»Z,N 
IMl"I-l 
00 26<> j.l.IMl 
IF (A(jti)) 250,26o»25o 

250   A(I,J),A(I,J).A,J,I) 
, „   A(J»I).0. 
26<>   CONTINUE 

DO 270 I"1«N 
DIAG<I)»DIA»(I>-A(pl) 

2*0 

280 

290 

300 

310 

320 
330 
340 

35ft 

A(I»T)»0,0 
GO TO 330 
T'-RHO-'RJ'IN) 
00 300 I«2,N 

360 

370 
380 

HI D° 300 J.1.IM1 
IF (A(JM)) 29o'300,290 
A(I»J>«A(IfJ)*T#A(JtD 
A(J<I)«0, 
CONTINUE 
DO 320 I.l.N 
IF (Ad, I)) 3lo»320»310 
DIA6(I)«0IAG(I)*T»A(l.D 

CONTINUE 
CONTINUE 
GO TO (520,350,520)t NPHASE 
IF (MZ.EQ.O) GOTO *20 
EQUALlTy  SECöND PARTIALS HERE 

IF <*IlO.GEt2> GO TO 420 
DO *10 H-'tMZ 
IN-MMI 
L0HN.2 
CALL MATRXX IIN'LORN) 
IF,(LORN,LT,2) GO TO 410 

T«2,«Rj(lN)/RH0 
DO 380 I«2,N 

IMl.I-1 
DO 370 J«1»IM1 
IF (A(JiD) 36o»370t360 
A(I»J)»A(I,J)*T»A«J,I) 
A(J,I).0.0 
CONTINUE 
CONTINUE 

012870 
0128«o 
012890 
012900 
012910 
012920 

012950 
012960 
012970 

0l2o90 
013000 
013010 

8i&8 
0130*0 
013050 

8138*8 
0130*0 
Ol309o 
013100 
013110 
013120 
013130 
0l3l*0 
013150 

8»§i?8 
0l3lsn 
013190 
013200 

mi 
0l3230 
0132*0 
013250 
013260 
013270 
oi"e0 
013290 

813398 
013320 
013330 

013350 
013360 

Ol33?o 
013380 
013390 
013*00 
013*10 
013*20 
013*30 
013**0 
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000425 
000*27 
000432 

888ttS 
000446 

000451 
OQO452 
000*5« 
000460 
m461 

463 
000*6* 
000*67 

000476 

mn 3 
000^)6 

000522 
000523 
000527 
000532 
OOO533 
000535 

000541 
000542 
000556 
000556 OOO5"' 

000567 

888i;2 
000*06 

000607 
000616 
000617 

390 

400 

410 
C  GE 
420 

*30 
440 

*50 

*60 
47o 
480 
490 

500 

5IS 

53° 

540 

DO 400 1=1.N 
IF (A (1, T ) ) 39o.*00.3<»0 
OUG(I)sDlA6(I)«T«A(I,I) 
A(IM'»0.0 
CONTINUE 
CONTINUE 

T M»TRIX OF 2ND PAHTIALS OF OBJECTIVE FUNCTION 
LLL«2 
CALL MATRXX« °,LLL) 
IF (LLL'LT.') r,0 TO *90 
0° 440 1.2.N 

IM1-I-1 
00 **° Jml.IM1 

IF (Mjtj)) *30,**0.*3o 
A(I.j)»A(i,J)»A(J«I) 
A(J,I)»A(I,J) 
00 470 I«1,N 

IF (All,I>> *50,46<>.450 
AlI,I,*DIAG<I» **11•I> 
G° TO 470 
A<I»I'*DIAG(1» 
CONTINUE 
RETURN 
DO 500 I»liN 
A(J»J)«OIAG(I) 
Oü 500 J.ItN 

A(i»j)»A(j»n 
GO TO 4«0 
GO TO (520»350«350>• NPHASE 
DO 530 li*»N 
1*1.1-1 
DO 530 J-l'IMl 
A(JiI)aA(T,J) 
DO 5*0 I»'tN 
A(I,I).0IAG(I) 
GO TO 48o 
END 

013450 
0l3*60 
013*70 
0134«n 
0l34q6 

013500 
013510 
013520 

81 

013540 
013550 

3560 
3570 

0l35R0 
013590 
013600 

mm 
013630 
013640 
013650 
013660 
013670 
0136«0 
0l36Q„ 

013700 
013710 
013720 
013730 
0137«o 
013750 

81!??8 
0l37R0 
013790 
013800 
013810 
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SUBROUTINE SETS(TMMAX) 

C     FEBUARY „71 »}?«0 

C SET STORES THE TIM? AT «HICH THE PROBLEM IS BEGUN Olllln 
COMMON /TSWS/NSKW 
COMMON /TMXS/TM0tEXT.EXT9" 

C  SECONO RIVES jO„ CPu EXECUTION TIME jN 1/1000 0F * SECONn Sl3900 

000003 CALL SECOND <TM0> n\llln 
fiQflfifiS EXT»TMMAX»TMO «,,«,» mn7 EXTso, TM0 , o.9o.T„„4x IHJ28 
0000,2        NSWW*1 .l3'r. 000013 «ETURN 8}3

3^J! 
000014 ENO tl3;;8 
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000002 
00000? 
000002 
000002 

It 
000010 
000012 
OOOOl3 

000017 
000020 
000022 
000023 

68881! 
000027 

SUBROUTINE STORES 

OCTOBER 1970 

STORE STORES THE VALUES 
VALUES OF THE FUNCTIONS 

10 

?0 

OF THE CURRENT POINT AND THE ASSOCIATED 
IN A TEMPORARY «REA* 

COMMON/SHAPE
S
^
X(100

'» DELI!00)» A«
100

«
100

'»*»*' MNtNPltNMl 
COMMON /EO*LS/Ht Hi» MZ 
COMMON /VALUES/F.G.PO.RSIGMA, «J,200)t «H° 
COMMON'CRSTS'DELXI 

HSIG1! a1«   x1« 516' 
'2,F 

i;: DELXr 

PR*»P1.>li   Rjl(200).   DOTT, 
3   PREV3,AOELX,   »TcTP-,   NUMlNl, 

DO   10   I«1'N 
X1 (I)«X(j > 
MMZ»M*MZ 
00   20   j»l,MMZ 

KJUJ'*RJ«J» pl«p0 
F1»F 
Gl"6 
RSIG1"RSIGMA 
HJBH 
RETURN 
END 

[lOO1'   RMOIN'RATIO»   fcPSI»   THETA0 
>>,\3<1°0>.   XR2(100,,   XR»(100,, 

100) t 
PRlt 

PfiRAD(lOO). 0I*G(H 
NPHASF, "SATIS 

013990 
01*000 
01*010 
01*020 
01*030 

mm 
01*130 
01*1*0 
014150 
014160 
01*170 
01*190 
01*190 

mm 
01*220 
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000002 
00000? 
000002 
000002 
000004 

00000T 
000010 
000012 

000020 
000020 
00002« 
000026 
000027 

10 

SUBROUTINE TCHFCX 

FEBUARY 1971 

TCHECK CHECKS THE NUMBER OF SECONDS THAT HAVE ELAPSED SINCE THE START 
OF THE PRORLEM. IF THE SOLUTION IS TAKING LONGER THAN 90 PER-CENT 
OF THE ESTIMJJED MAXIMUM TIMEI A S«lTpH IS SgT TO GIVE MORg OUTPUT, 

COMMON /0PTNSS/NT1INT2.NT'<!NT*INT5.NT6.NT'',NT8,NT9«NT10 
COMMON /TSWb/NSWW 
CÖMMÖN /T»xS/TMOtEXT,ExT90 
CALL SECOND <SECS> 
IF (SECS.LT.EXT9o> RETURN 

GETTING CLOSE TO E«CEEOING THE TIME LIMIT SET OUTPUT OPTION TO GIVE 
MORE OUTPUT. 

NT3»2 
."'SFCS -TMO 
|WRITF(6t10) *J 
FORMAT (6X,SHTIME"»F

9
'
3
»
8
H SECONDS 

IF(SECS #GT. EXT, 
NSw*.2 

CALL OUTPUX <1> 
RETURN 
END 

01*240 
01*250 
01*260 
01*270 
0U2R0 
OU29O 

01*330 

mm 
01*360 
01*370 
0143,0 

01**00 
014410 

01**30 
01**40 
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000002 
000002 

m öoon 
00000 

! 00001 
000017 
000020 

000021 
000021 

SUBROUTINE T1MECS 

FEBUAR* 1971 

TIMEC CHECKS THE NUMBER OF SECONDS THAT HAVE ELAPSED SINCE THE START 
OF THE PROBLEM. IT PRINTS THIS NUMBER. IF THE SOLUTION IS TAKING 
TIHEC CHEC*S THE NUMBER OF SEc°

NOS THAT HAVE EU
pSED SINCE THE START 

OF THE PROBLEM. IT PRINTS THIS NUMBER. IF THE SOLUTION IS TAKING 
LONGER TH4N THE ESTIMATED M4XIMUM TlMg, i  SWITcH IS SET TO TERMINATE 
THE RUN. 

C0MM0N /TSwS/NSww 
COMMON /TMXS/TMO.EXT.EXT90 

SECOND GIVES JOB CPU EXECUTION TIME IN 1/1000 OF A SECOND 

CALL SECOND (SECS) 
X»SECS-TMO. 

|WRiTp (6,20) X | 
IF (SECS.LT.EXT) GO TO 10 
ASww.z 
RETURN 

FORMAT (6X,5HTIME»F9»3,8H SECONDS) 
END 

01**60 
01**70 
01**80 
01**90 
01*500 
01*4,0 
01*500 
01*510 
01*520 

01*550 
01*560 
01*570 

8i:s;g 
0l**l0 
01*620 
01*630 
01*6*0 
01*650 
0U660 
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000002 
000002 

000002 
000002 

000002 

000012 

oooou 
000016 

0000?0 
000024 

000025 
0000?*. 
000027 

000030 

000032 
000033 
000034 

OOOO35 
000036 
000037 

0000*0 
000062 

000072 
000073 
000076 

000102 

SURROUTlNE X^ovfS 

MARCH 1Q71 

XMOVE DETERMINES THE VECTOR ALONG KHTCH THE SEARCH FOR A MINIMUM IS 
USING OPT, 

COMMON/SHARE.S/X(100) , DFL(100>t 4 (1 00» 1 00) ,N,M, MN.NP1.NM1 
COMMON/CRSTS/OFLXIIOO), DFLXO(IOO), PH0IN»RATT0» tPSl, TMETAo» 

1 HSIG1, 61,    XI(100), X2(100), X3(100), XR2il00l, X«l(100), PR1, 
2 PR2»Pl» Fj« RJl(200,, OOTT» paRAO'loO1' DUCllOo'» 
3 PRFV3,ADELX» NTcTR, NUMINI, NPHASF» NSATIS 
CQMMQN/EXPOHX / NEXOPl» NFX0P2, XFP*, XEp2 
COMMON /XVFS/STG,100,,YY(100),XXX(100),DELL(100) 

C--NEXOP? DETERMINES HOW MOVE IS TO BE MADE 
c NEA0P2 * 1  USe MOnlFlED  NfWTON RAPHSON METH0D. 
C        « 2  USp MOnlFIEO  NFWTON RAPHSON METHOn» P'JT ADD DEL*0 10 
C ORTHOGONAL MOVE VFCTOR IF HESSlAN JS INDFUNITE. 
C       «3  nSf STEE

P
EST DESCENT METH°D. 

C        » ,  USF MCCORMICK'S MODIFICATION OF THE FLETCHER-POWELL 
r METHOD, 

60 TO (10,10,lflO,30), NpXOP2 
C--NE*10N -RAPH WlTH WHATFVER ME

T
HOD IS IN INVERSE 

10    CALL 6«A0S(1) 
C--0NE <1> MEANS ACCliMULATF MATRIX OF SECOND PARTIAL DERIVATIVES 

CALL SECORX (1) 
r,o 20 j.i.M 

20  OELX<I>»DELXO<I> 
CALL INVFRX(l) 

C IF A NONPOSITVE PIVOT IS ENCOUNTFRED IN INVERSE AN ATTEMPT IS MADE TO 
C COMPUTE A VECTOR HAVING A POSITIVE DOT PROoUcT WITH A N£GATIVE 

C FIGENVFCTOH AND THp NEGATIVE OF DEL P. 
CALL STORES 
CALL OPTS 
RETURN 

c—F-P-O-MCC MOVE 
3°    CALL G«AoS(2) 
C—MN IS NO, OF MOVES FOR THIS VALUE OF PHO 

IF (MN.NE.O) GO TO 70 
40    IREP«0 

I
T
.O 

C—SET INITIAL 6UESS INVERS MATRIX OF SECOND PARTIAL DERIVATIVES 
c— USE PARTIAL INVERSE IF KNOWN 

DO 50 I»1,N 
DO '0 j»l,N 

SO    A(I,J),0.0 
DO 60 1*1 'N 

60    A(I,D«1,° 
70    DO »0 I"1,N 
80    DELX(I)«OELX0(I) 

IF (IREP.GT.N) GO 
IF (IT.EO.0) GO TO 
DO 9« I«1«N 
SIG<I>"X<I>-XXX<I> 

90    YY(I)«OELL(I)-nELX0(I) 
C—NEGATIVE GRADIENT STORED 
C—COMPUTE  HY 

00 100 i«l,N 

:ui 

014680 
O146«0 

014700 
014710 
OU72O 

AND COMPUTED 

oi4gO? 

01*«03 
014S04 
014805 
014806 
oupin 
0l*8?0 

014840 

0U8fe0 
01*870 

014890 
014900 
0U910 

014940 
014950 

OU97O 
0l49«0 
014990 
015000 
015010 
OI5O2O 
015030 
01^0*0 
015050 

0150*0 
015090 

mm 
015120 
Ol5l3o 
015140 

81H18 
015170 
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000104 
000105 
000107 

000122 
000l?3 
00012+ 
000132 

m\n 
000136 
0001*0 
0001*3 

100 
C~C° 

U4* «53 

000165 
000167 
OOOI7I 
OOOly* 
000176 
000177 
000201 
0002U 
000215 
000?16 
000223 
000225 

888155 
000233 

mm 
000236 

mm 
000?+2 
0002*6 
0002*7 
000250 
000251 

OELX(I)»0.0 
DO 100 J»1,N 
DELX(D"OELX(I)*A(I,j)#YY(J) 

"PUTE  Y(S1G -HY)-1 
2CON»o,0 
DO 110 lsl,N 

120 
c— 
130 

1*0 

110   ZCON«ZCON*YY(l)»(SlGlI)-DEtX(l)) 
IF (ZCÖM.EO.O.O) G° TO l3o 
IREP»IREP*1 
ZC-1./ZC0N 

C— UPDATE   H MATRIX USING  MCC FORMULA "HEN SCALAR NE ° 
DO   120   I«1|N 
Tl»ZC»<SiGU)-nELx<I>> 
D°   120   J,I,N 
A(Hj)«A(ItJ)*Tl#(-DELX(J)*SIG(J)> 
A(jil)«A(I«j) 

STORE CURRENT POINT AND CURRENT GRADIENT <NEG> 
D° 1*0 I.1,N 

XXX<I>«X<I> 
DELL(I)«DELX0(I) 
00 ISO I.I.N 
DELX(I)»0.0 
0° 150 J«1,N 

150  OELX(I>«DELX(I)**(PJ),OELXO<J' 
zci-0.0 
DO 16° 1.1.N 

16o  ZCl"0EUX(D»«2»zcl 
ZCl.SORT(zCl) 
00 170 I«1,N 

l7o   DELX(I)-DELX(I)/ZC1 
CALL STORES 
CALL OPTS 
IT»IT*1 
RETURN 

180   CONTINUE 
C STEEPEST OESCENT 

CALL GRADSU) 
DO I?0 I«1,N 

l'O  DELX(I)»OElX0(l) 
CALL ST0REfe 
CALL OPTS 
RETURN 
END 

015180 
OI5I9O 
0l52oo 
015210 
015220 
015230 
0152*0 
015250 

0152«0 
015290 
Ol53oo 
015310 

811358 
Ol53»o 
015350 
015360 

siuss 
015390 
015*00 
015*10 
015*20 
015*30 
015**o 
015*50 
015*60 
Ol5*7o 

015520 
015530 

015550 
0l5560 

015590 
015600 
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User-Supplied Subroutines for Inside Programs 
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SUBROUTINE REAOlX 
000002    9999 CONTINUE 
000002 RETURN 
000003 END 

64 



SUBROUTINE RESTNX<IN,VAL> 
OOOOO5 COMMON/PROB/ISP 
000005 COMMON/IN/W<IOO> , ,   , 
000005 COMMON/SHARtS/X(100).DEL(100)tA(100»100)tNiM,MNtNP1tNM1 

ooooo5      IF(TSP-I)ioSo,iooo»2ooo 
000007 1000 FN«R 

000011 VAl'O» 
000011 IF (IN) 1100.1100»1200 
ooooi3 lioo oo n5o J«*IN 
000015 H50 VAL»vAL*w(j)»(x(j)-2.)»«2 
000023 G°   TO 9999 
00002* 1200 VAL"FN 
000025        DO 1250 J*1»N 
QQQQ2" 1250 VAL«VAL-X(j) 
0Ö0Ö33        60 TO 9999 
000033 2000 FN«N 
000035 VAL"0» 
000035        IF(I*)2100,2100,2200 
00003? 2100 DO 2l5o J«l'N 
000041 2150 VAL ■ VAL ♦ W(J)<M»,5 * (X(J)-2.)»«? 
000053 60 TO 9999 
QQ0Q54 2200 VAL«FN 
OOOÖ55 D0 2250 j«l»N 
000057 2250 VAL«VAL-X(j>**2 
000063 G0 TO 9999 
000064 9999 CONTINUE 
000064 RETURN 
000065 END 
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SUBROUTINE GRAfllSdN) 
000003 COMMON/PROR/ISP 
000003 COMMON/IN/WUOO) 
ooooo 
000003. 

LUMMUIN/IN/W »ion» 

COMeON/SHARtS/X(100)»DEL<10°)♦ *<l0°»10o> »NtMiMNfNP1»NM1 
DO 500 Jal,N 

OOOOO5 500 DEL<J'"P.. « 
000010 jpdsp-l) 1000,1000,2000 
000013 1000 IF(IN)1100»1100tl200 
000015 1100 D° 1150 J«1.N 

000017 1150 DEL<J> * 2. W(j)*(X(J>-?,) 
0000?5 GO TO 9999 
0000P6 1200 DO 1250 J»1»N 
000030 12=0 DEL<J>"-1» 
000034 G° TO 9999 
000034 2000 IF<IN,2100»2100*2200 
Q0QQ36 2100 DO 2150 J*1*N 
OOÖO4O 2I5Ö DtL(j) ■ 2. * W(J)«».5 • (X(j)-2.) 
000052 GO TO 9999 
000053 2200 D° 2250 J.l.N 
000055 2250 DEL<J> »-2. X(J> 
000061 GO TO 9999 
000062 9999 CONTINUE 
000062 RETURN 
000063 END 
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IE(IN)1100.1l00tl20( 
D° 1150 J«1»N 

A(j»J> *  2.*W(J> 

SUBROUTINE MATRXX (IN»L) 
000005        COMMON/PROB/ISP 
000005 COMMON/lN/W<100> ÖÖ0ÖÖ|        COMMON/SHARtS/X(100) »DEL (10°) »A (100,100,,NfMtMN,Nf,ltNMl 
OOOOO5 IF(ISP-l)l0Ö0tl000»2U00 
000007 !000 lEdNl^OOt^OOt^OO' 
000011 1100 
000013 1150 
000023 60 TO 9999 
000023 1200 CONTINUE 
000023 GO TO 9999 
000024 2000 IF(INl2100t2100t2200 
000026 2100 DO 21=0 J«1»N 
000030 2150 A(j,j), 2,«M(J)*«,5 
000044 GO TO 9999 
000045 2200 DO 2250 J«1»N 
00004J 2250 A(J,J)«-2, 
0000*6        Gg TQ 9999 
000056 9999 C0NTINUE 
000056 RETURN 
000057 END 
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USER-SUPPLIED INFORMATION CARDS AND RESULTS PRINTING OUT ALL POINTS 
OF INSIDE PROGRAMS 

It is useful in debugging the overall program and in increasing 

solution efficiency to print out the solutions of the inside programs, 

preferably all points.  The starting points of the inside programs 

should be feasible, which is dependent upon the starting point of 

the outside program. The starting point of the outside program 

should also be feasible. The solutions of the inside program for 

the starting point of the outside program should be examined. Also, 

several points of the outside program, and the corresponding inside 

program solutions, should be examined. 

The SUB computer program, leaving in the statements for printing 

of points of the inside program, provides the opportunity to accom- 

plish the above, when used with the user-supplied information cards 

given here. 

User-supplied information cards are:  parameter card, initial 

starting point, option card, tolerance card and second option card. 

Three sets of user-supplied information cards are necessary for the 

example problem. 

The outside program has, on the parameter card, information that 

EPSI = l.E-05, RHOIN =10., THETAO = l.E-05, RATIO = 10., TMMAX = 

360., M=2, N = 4, MZ=0.  The initial starting point is x = 

x„ = x.= x = 4. The option card indicates that all points of the 

outside program are to be printed out (Option 3=2), and that there 

is at least one nonlinear constraint (Option 10 = 1). The tolerance 

card indicates that for numerical differentiation and control of 

P-function minimization the tolerances are .001.  Finally, the second 

option card indicates that the problem is to be solved without check- 

ing first derivatives (Option 1=1), and that steepest descent is 

used to minimize the P-function (Option 2=3). 
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The inside program information cards are similar, with the 

following exceptions. Each problem has one constraint (M = 1). 

The starting points are v = v_ = v, = v. = .5. The first option 

cards indicate that all subproblem solutions of the inside programs 

are to be printed out (Option 3=1). The first option cards also 

indicate that the first inside program has all linear constraints 

(Option 10 = 2) and the second inside program has at least one non- 

linear constraint (Option 10 = 1). The second option cards for 

both inside programs indicate that the second-order method, called 

generalized Newton-Raphson, is used to minimize the P-function 

(Option 2=1). 

The printout of results gives initial information for the outside 

program. 

It indicates that Problem A is being solved.  It gives initial 

information for Problem A, noting that SUB is used.  It solves 

Problem A for the initial starting point of the outside program, 

requiring 16 points, and indicates that Problem A is solved. 

It indicates that Problem B is being solved.  It gives initial 

information for Problem B, noting that SUB is used.  It solves 

Problem B for the initial starting point of the outside program, 

requiring 16 points, and indicates that Problem B is solved. 

It prints out information for the outside program, namely the 

starting point values of the constraints found by solving Problem A 

and Problem B, and the feasible starting point to be used in the 

overall procedure. 

It then prints that Problem A is being solved. The initial 

information is not printed this time, however, it having been by- 

passed in SUB after the first time.  Again, Problem A is solved. 

The printout is given up to point 4 of this solution.  The remain- 

der, not included here, is similar for more points of the outside 

program. 
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User-Supplied Information Cards 
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l.E-05 
4. 

3 1 
.001 

1 3 
l.E-05 

.5 
3 1 

.001 
1 1 
l.E-05 

.5 
3 1 

.001 
1 1 

10 • 
4. 

2 
.001 

1 

l.E-05 
4. 
1 

100. l.E-05 
• 5 

1 
.001 

1 
.5 
1 

100. l.E-05 
.5 

1 
.001 

1 
• 5 
1 

4. 
1 

10. 
.5 

1 

10. 
.5 

1 

360.        2       4       0 

1 1 1 

180.        1        <►        0 

1 1 2 

180.        1        4        0 

1 1 1 
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Printout of Results 
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RESULTS PRINTING OUT ALL POINTS OF OUTSIDE PROGRAM 

The SUMT program is modified by changing RESTNT, and the 

INSUMT program is modified by changing BODYS, CONVRX, ESTIMS, 

FEÄSS, INVERX, OPTS, OUTPUX, PUNCHS, TCHECX, and TIMECS to 

eliminate printing of inside programs. 

The user-supplied information cards are identical to those of 

the previous section, and are not repeated here. The printouts 

of the inside programs called for by their information cards are 

by-passed by the changes in subroutines mentioned above. 

The printout of the solution prints initial information for 

the outside program, for Problem A, and for Problem B. From then 

on all of the printout pertains to the outside program. At 

point 17 the value of r has been reduced to l.E-04, and the 

solution has been approximately attained. The program cuts off 

at central processor time equals 360 seconds. 
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Printout of Results 
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